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W^niraier-2 Features 

ACCESS YOUR SCOPE'S ANALYTICAL POWER WITH THE PRESS OE A BUTTON 
W^ivepilot Menu 

In the Wavemnner-2 series of scopes, LeCroy introduces the Wavepilot menu, an operational aid that gives you 
immediate access to the digital storage oscilloscope's (D SO ) most frequently used functions. The Wavepilot 
menu's soft keys access measurement tools such as cursors and parameters. By means of the G raph button, it 
also provides direct access to math analysis functions including histograms, fast Fourier transforms (FFT), and 
the unique JitterTrack™ timing analysis. Finally, you can access application-specific analysis options like 
communications mask testing, disk drive, and power measurements by pressing the Analysis Packages button. 
The figure below shows the location of the Wavepilot and other new buttons. 
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The figure below is an example of the WavepUot Paiametjeis function. Shown is a view of the measurement 
D ashboard, which provides a summaiy of 26 key waveform parameters for the selected waveform. 
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Pressing the Wavepilot menu's Cursor button immediately displays the cursor control menu shown below. This 
greatly enhances the accessibility of this freguently used function. 
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QuickZoom 

QuickZoom, indicated by the magnifying ^ass icon , is used to immediately turn on the zoom di^l^ of 
the currently used acquisition channels. The figure below provides an example of a typical QuickZoom di^l^. 
The QuickZoom menu includes controls for overlapping the traces and using Auto-scroU to scan through the 
expanded display. 
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W^ivepilot Menu Gi^h Button 

Waveform analysis can be thought of as a multidimensional view of a signal. 0 scilloscopes have alw^s been 
used to view signals in the time domain — a plot of signal amplitude versus time. More recently; frequency 
domain analysis using the fast Fourier transform (FFT) has been added to digital oscilloscopes. The FFT 
provides a graphical displ^ of signal amplitude as a function of frecpiency. Using histograms, LeCroy offers 
two new views of statistic^ and timing analysis using the uniciue TrackView function. TrackView plots 
variations in timing parameters, such as period, width, frecjuency, and duty cycle, as a function of time. 

These powerful analysis tools have been made even more accessible using the Graph function. Simply pressing 
the Graph button in Wavepilot evokes a special graph menu that offers an instant selection of Histograms, 
FFT, TrackView (with EMM option), and other options from additionally installed programs. 
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The figure on the preceding page shows the statistical analysis of a pulse- width-modulated signal displayed with 
Analog Persistence. This is used to show the waveform's history. The histogram shows that there are nine 
widths and that the frequency of occurrence of each pulse width varies proportional to the width. The next 
question that one might ask is, "What is the ordering of the pulse widths?' 'That question is easily answered by 
sdecting the JitterTrack view. The figure below shows an aniysis of pulse width as a function of time. The 
JitterTrack display shows that the pulse widths increase sequentially, from narrowest to widest, with the 
duration of the signal at each width increasing proportion^y to the width. 
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The final view shown below is the FFT of the pulse-modulated waveform. The FFT shows that the frequency 
spectrum of the waveform consists of the 1 MHz fundamental frequency along with a series of harmonics. 
Modulation effects are obvious in the sidebands shown about each of the principal spectral lines. 




FFT cf a pulsewdth modulated agialtakai ora' cnecjdecf the width modulaticn 



For additional controls or for manual setup, each of these analysis tools is available from the "Math Tools" 
menu. 
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WAVEFORM HISTORY 



Display Sgnal Changes OverTime 

Analog Persistence and History mode are tools used to acquire and di^l^ how a signal changes over time. 
These features work in a hi^y integrated fashion to produce screen displays that show the range and 
frequency of occurrence of variations in the signal. 

The LeCroy Waverunner-2 series of oscilloscopes place both these features at your fingertips Both features 

ANALOG 

PERSIST 

can be evoked by simply pressing ^ . The figure below shows an intensity-graded Analog Persistence 
display that contains 15 overlaid acquisitions of the leading edge of a pulse waveform. The intensity grading 
inchcates frequency of occurrence of each edge rate. Included are the time stamps for each acquisition. 

The History data is displayed on trace D. Turn on trace D to view the data When you turn off History mode, 
turn trace D off manually. 
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Sequence mode (available in the Timebase Setup menus) breaks the long acquisition memory of the 
oscilloscope into as many as 8000 smaller segments. Each of these segments is available after the accjuisition 
for individual viewing, parameter measurements, or waveform math. And each segment is individually time 
stamped with an absolute real time stamp, time since first trigger, and time between segments. 

In this example we can see a single edge that has a slow transition time. Each of the accjuired segments can be 
viewed individually by using the oscilloscope's zoom feature. With Analog Persistence turned on, the scope 
displays all the segments overlapped. If Analog Persistence is turned off, the zoom display shows each segment 
inchvidually. An auto- scrolling feature allows you to automatically scan through aU the segments using Play and 
Reverse. This allows any segment located using the Analog Persistence di^lay to be recovered for detailed 
analysis. 



WR2-OM-E Res C 



I SSUE D : January 2002 



9 








Introduction 



Once such an anomaly is observed it is easy to measure the risetime, using cursors or measurement parameters, 
then select a trigger to catch only events with slow rise times This type of event can be isolated using the Slew 
Rate trigger (available with the advanced trigger package option), whose setup is shown in the following figure. 




Sehp fir SlewRatetiigcp' to acquire TO\drms wth tranaticn times geatm than 1.4 ns 



Once the special slew rate trigger has been enabled, running the accpisition again measures the precise time of 
occurrence of each of the slow transition events This is illustrated in the following figure. 
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The History button consolidates the existing Analog Persistence and sequence mode features and makes both 
easily acces^le through a direct front panel control. 
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About this Manual 



Like the Wavemnner-2 scope itself, this manual is designed to make your measurements as easy as " 1- 2- 3." 
Each section shows you step by step how to use the oscilloscope to solve simple or complex problems. 

Use the manual with the Waverunner-2 in front of you. Then you'll see clearly just what is being referred to; 
and you can immediately put into action what is described. 

The manual has two main parts: 

Part One, "G etting Started," is for new users and basic operations. It explains the most important 
Waverunner-2 features, and shows you how to apply them. Use it when starting out and for getting quick 
results. 

Part Two, "Looking Deeper," goes into more detail. It explains how to perform complex measurements 
using more advanced Waverunner-2 functions. It also looks more deeply into operations covered in Part One. 
Use it for tackling demanding tasks, or as a reference for understanding better how your scope works. 

Consult the glossary for clarification of oscilloscope and related terms. 

As an additional guide, each chapter is prefaced by a summary of its contents 

Watch for panels and sections throughout the manual marked by these icons: 




TIPs offer additional hints on how to get the most out of Waverunner-2 actions or features 




NOTES bring to your attention important information you should know. 




The sections marked by the magnifying ^ass, and printed in italic text, "zoom" on particular 
topics. They offer more information on the subject, where appropriate. 
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First Things... First 

In this preface, see how 

To wake sure you have everything 
To operate with safety 
To get to know your Whverurmer-2 scope 
To instaii and power irp 
To initializ e 

To check the system status 
To instaii new software andOrrrrware 
To private the screen sav^ 

To use menus, menu huttons and knohs 
To choose button and knob preference 
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When Your W^nmniner-2 is Deliveied 



CHECKTHAT YOU HAVE EVERYTHING 

First, verify that all items on the packing list or invoice copy have been shipped to you. (The items are also 
listed below.) Second, check the SYSTEM STATUS display once your Waverunner-2 oscilloscope is installed 
(see page 25). Contact your nearest LeCroy customer service center or national distributor if anything is 
missing or damaged. If there is something missing or damaged, and you do not contact us immediately, we 
cannot be responsible for replacement. 

The following is shipped with the standard Waverunner-2 scope: 

10:1 10 Mil PP006 Passive Probe — one per channel 

AC Power Cord and Plug 

Performance or Calibration Certificate 

Front Scope Cover 

OpaatcYs Manual 

RanateCditni Manual 

Quick RrfaHKeGuide 

Dedaraticncf Ccnfimity 



BE SURE TO READ THIS WARRANTY 

The V\hvemiiner-2 oscilloscope is wananted for noinial use and operation, within specifications, for a 
period of three years fiem shipment LeCroy will either repair or, at our option, replace any product 
returned to one of our authorized service centers within this period. However, in order to do this we 
must first examine the product and find that it is defective due to workma ns hip or materials and not 
due to misuse, neglect accident, or ahnormal conditions or operation. 

^lare and replacement parts, and repairs, all have a 90-day warranty. 

The oscilloscope's firmware has been thoroughly tested and is presumed to he functional. 

N evertheless, it is supplied without warranty of any kind covering detailed performance. Products not 
made hy LeCroy are covered solely hy the warranty of the original equipment manufacturer. 



NOTE: The wananty below enlaces all 
other wananties, expressed or inytlied, 
including but not limited to any implied 
wananty of merchantability Btness, or 
adequxy for any particular purpose or 
use. LeCroy sh^ not be liable for any 
special, incidental, or consequential 
damages, whether in contmet or 
otherwise. The customer is responsible 
for die transportation and insurance 
charges for the return of products to 
the service fydlity. LeCmy will return 
all products under wananty with 
transport prepaid. 
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First Things 



TAKE ADVANTAGE OE MAINTENANCE AGREEMENTS 

We offer a variety of services under the heading of Maintenance Agreements. These give extended warranty 
and allow you to budget maintenance costs after the initial three-year warranty has expired. Installation, 
training, enhancements, and on-site repairs — among other services — are available through fecial 
supplemental support agreements. Inguire at your LeCroy customer service center or national distributor. 

OBTAIN ASSISTANCE 

Help with installation, calibration, and the use of your Waverunner-2 scope in a range of applications is also 
available from your customer service center. 



RETURN A PRODUCT EOR SERVICE OR REPAIR 

If you do need to return a LeCroy product, identify it by its model and 
serial numbers (see page 25). Describe the defect or failure, and provide 
your name and contact number. 

For factory returns, use a Return Authorization Number (RAN), 
obtainable from customer service. Attach it so that it can be clearly seen on 
the outside of the shipping package to ensure rapid forwarding within 
LeCroy. 

Return those products reguiring only maintenance to your customer 
service center. 



Within the warranty period, tran^ortation charges to the factory will be your re^onsibility, while products 
under warranty will be returned to you with transport prepaid by LeCroy. 0 utside the warranty period, you will 
have to provide us with a purchase order number before dre work can be done. You will be bilM for parts and 
labor related to the repair work, as well as for shipping 

You should prepay return shipments. LeCroy cannot accept CO D (Cash 0 n D elivery) or Collect Return 
shipments. We recommend using air frei^t. 



TIP: If you need to wtiini 
your scope, use the original 
shipping carton If this is not 
po^ible, the carton used 
should be rigid. The scope 
should be packed^ that it is 
surrounded by a minimum of 
fourinches (10 cm) of shock 
absorbent material. 



STAY UP-TO-DATE 

To maintain your Waverunner-2 scope's performance within specifications, have us calibrate it at least once a 
year. LeCroy offers state-of-the-art technology by continually refining and improving the instrument's 
capabilities and operation. We freguentiy update both firmware and software during service, free of charge 
during warranty. 

You can also install new firmware yourself, without the need of a factory refit. Simply provide us with your 
Waverunner-2 serial number and ID, and the version number of the software already installed (see page 25), 
along with ordering information. We will provide you with a unigue option key that has a code to be entered 
through the instrument's front panel to upgrade your software. In adchtion, the very latest versions of LeCroys 
unigue oscilloscope software applications can be downloaded from the Internet, free of charge. Included are 
ScopeExploreri'^ and ActiveDSO. 
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ScopeExploier is a hi^ly practical PC-based connectivity tool that interfaces Wavemnner-2 to a PC that is 
running Microsoft® Windows^'^, via the rear panel G PIB (IE E E 488) or RS-232 port. Specially designed by 
LeCroy for its oscilloscopes, ScopeExplorer allows you to perform data and image transfers and other remote 
operations from scope to PC widi just a few keyboard strokes or mouse clicks. See Chapter 12, "U se 
Waverunner- 2 with P C ," for more about using ScopeExplorer with your Waverunner-2 scope. 




ScopeExplorer now has a virtual front panel to allow full control of remote scopes. 



ActiveDSO works on any PC running Windows 95, 98 or NT^'^, and enables you to exchange data with a 
variety of Windows applications or programming languages that support the ActiveX standard, such as MS® 
Office, IntemetExplorer, Visual Basic, Visual C-I--I- and Visual Java ActiveDSO hides the intricacies of 
programming for each of these interfaces and provides a simple and consistent interface to the controlling 
application. You can also visually embed ActiveDSO in any OLE automation compatible client and use it 
manually without programming. You could, for example, generate a report by importing scope data strai^t 
into Excel or Word, analyze your waveforms by bringing them directly into MathCad®, archive measurement 
results "on the fly" in a Microsoft Access® database, and automate tests using Visual Basic, Java, C-l--t-, or 
Excel (VBA). 



Visit our Web site at http:/ / www.lecroy.com/ software to download these and other free software applications. 
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First Things 



Installation for Safe and Efficient Opeiation 

Safety Symbols 



Where the following symbols or indications appear on the instrument's front or rear panels, or elsewhere in this 
manual, they alert you to important safety considerations. 



Symbol 


Meaning 


WARNING 


Inconect operation or failure to heed warnings may result in death or serious 
injury. If a WARNIN G is indicated on the instrument, do not proceed imtil its 
conditions are imderstood and met 


CAUTION 

I 


Incorrect operation or failure to heed cautions may result in injury or damage to 
equipment If a CAUTION is indicated, do not proceed imtil its conditions are 
understood and met 




Refer to acconqianying documents (for safety related information). 

See elsewtmein this manual wheievo' the symbol is piesent, as indicated in the Table of 
Contents. 


1 ^ 


Risk of Electric 9iock 


(b 


Stand-by (Power) State 


4 , 


Earth (Ground) Terminal 




Protective Conductor Terminal 




Alternating Current Only 


1 


Chassis Terminal 


2 


Earth (GiDund) Teraiinal on BNC Connectors 
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OPERATE IN ASAEE ENVIRONMENT 

The Waverunner-2 is intended for indoor use only. 
Ensure that its operating environment will be 
maintained within these parameters: 



Temperature 5 to 45 -C 

Humidity 80% max. RH (non- 

condensing) up to 35 -C 
Derates to 50% max. RH at 
45 ec 

Altitude 4500 m up to 25 -C 

D erates to 2000 m max. at 
45 ec 



N ote: The V\hvemmier-2 has been qualified to the 
following EN 61010-1 category: 



Protection Class I 

Installation (Overvoltage) Category II 

Pollution Degree 2 




CAUTION 



D o not block the air inlet or exit ports. 




CAUTION 



Do not allow any foreign matter to enter the 
V\hverurmer-2 through air inlet ports, etc. 
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First Things 



AC POWER SOURCE 

The Waverunner-2 operates from a sin^e-phase 
100- 120 V (±10%) AC (~) power source at 
50/ 60/ 400 (±10%) Hz, or 200-240 V (±10%) AC (~) 
at 50/ 60 (±10%) Hz. 

Maximum power consumption: 250 VA (depending on 
model) 

No manual voltage selection is reguired because the 
instrument automatically adapts to the line voltage. 



POWER AND GROUND CONNECTIONS 

The Waverunner-2 is provided with a 3- wire electrical 
cord containing a 3- terminal polarized plug for line 
voltage and safety ground connection. The plug's 
ground terminal is connected directly to the frame of 
the Waverunner-2. For adeguate protection against 
electrical hazard, this plug must be inserted into a 
mating outlet containing a safety ground contact. 

N otie: Set the power switch to STAND BY before 
connecting or disconnecting the power cord. 

ON/ STANDBY SWITCH 

The On/ Standby tog^e switch controls the basic operational state of the D SO. A portion of the D SO will 
remain powered in the standby state (5 Watts dissipation). 

POWER OEE STATE 

The D SO can only be placed in a complete power off state by unplugging the D SO 's power cord from the 
primary power source (AC outlet). It is recommended that the D ^ 's power cord be unplugged from the AC 
outlet during any extended period of D SO inactivity. 



N ote: The Waverurmer-2 automatically adapts 
itself to the line voltage present within the 


following limits: 




Voltage 

Range: 100- 120 VAC 


200 - 240 VAC 


Erequency 

Range: 50^60^400 Hz 


5iyeOHz 



/l\ 

/ • X WARNING 

Maintain the ground line to avoid electric shock. 
The power cord's protective grounding conductor 
must he cormected to groimd. 
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CALIBRATION 

The recommended calibration interval is one year. Calibration should be performed only by qualified personnel. 



CLEANING 

Clean only the exterior of the instrument, using a 
damp, soft cloth. Do not use chemicals or abrasive 
elements. Under no circumstances allow moisture to 
penetrate the Waverunner-2. To avoid electric shock, 
disconnect the instrument from the power supply 
before cleaning 

ABNORMAL CONDITIONS 

Operate the Waverunner-2 only as intended by the 
manufacturer. 

D 0 not operate the Waverunner-2 with covers 
removed. If you suspect the Waverunner-2 is damaged 
or has failed, immediately set the power switch to 
STANDBY and disconnect the power cord. Refer 
servicing to qualified personnel. 



/l\ 

Z_J_AWARNING 

N o operator serviceable conqHments inside. Do 
not remove covers. 



/l\ 

/ « X wARNTNn 

An^ rise of the instrument in a marmer not 
specified by the manufacturer may inqrair the 
instrumenf s safety protection. The Wavenmner-2 
has not been designed to make direct 
measnrements on the hmnan body. N ever 
cormect the Waverurmer-2 to a living person. 

A\ 

Z_LAcaution 

Do not exceed the ma xim nm specified inpnt 
terminal (CHI, CH2, CH3, CH4, EXT) voltage 
levels. 
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First Things 



Up and Rinuiiiig 



GET TO KNOWYOURWAVERUNNER-2- ERONT PANEL 

MENU CONTROLS FLOPPY DISK DRIVE TIMEBASE CONTROLS 




Waverunner-2 main front panel controls and features. 



INSTALL AND POWER UP 

1. Before powering up, check that the local power source corre^onds to Waverunner-2's power range (see 
page 20). 

2. Use the cable provided to connect the scope to the power outlet through its rear panel receptacle (see next 
page). 

3. Turn the scope on by pressing the 0 n button at the bottom left-hand comer of the Waverunner-2 front 
panel (see above). 
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Before a displ^ appears, the instrument will automatically perform hardware and software self-tests, followed 
by a full system ciibration. The front panel STAND BY LED will be lit during this sequence. The full testing 
procedure will take about 10 seconds, after which a displ^ appears. 

UTILITY 

4. Press ' to displ^ the UTILITIE S menus. 



5. 



Press the menu soft key for 



Time/Date 

Setup 



to set the time and date. 



GET TO KNOWYOURWAVERUNNER-2- BACKPANEL 



@ 



oooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooo 



© 





LNK ACT 


LANlOffT 


1 llllllllllllllll 1 


O 0 




L^J 


ETHERNET 






IEEE SH «3 PORT 






RS232-C 



CENTRONICS 



© 






BNC 

SIGNAL 

OUTPUT 






C€ HeCtiar 



© 




EXERNAL 

MONITOR 



PC MEMORY CARD 



GPIB 



© 



© 



© 



~ UNE 

AinQMATX SC VOLTi^E SEUCTOH 
I vatTASt IJ{B-12aVAC|23!!-aW>lCI 

I Fisiwaicy 1 I so/aaiitt I 



© 



© 



D ° D 



A CAUTION 



ID aiCTWCAL SHOCK I 



m OPEKATOe S! 

DO N0T Rl 

RBFBT SERVldNS TO QUAUHED PERSTNNEl 



© 



© 



© 






Use the RS-232-C and GPIB ports to connect your Waverunner-2 scope to a conputer or terminal, 
the external monitor port to display your waveforms on another monitor, and the Centronics® port 
to connect conpatible printers or other devices. Use the PC Card slot for the PC Memory Card and 
portable Hard Disk options, and the BNC output for external dock signals. 
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First Things 



To Navigate Through Menus 
Trace 



Menus such as 



On 



enable you to perform actions or adjust settings. 



Themmubutton beside each displayed menu controls that menu. 

Longer menus that span the breadth of two buttons are controlled by both buttons. 



Capitalized nmius - 



ZOOM 



for exanple — perform specific actions. 




The two menu bnobs vjork together with the two menu buttons beside them. 



Combiiations of knobs and buttons oantrol continuously adjustable variables. The button selects 
or changes the variable, while the knob adjusts its value 



Menus aw gmuped md shown together according to their function. Press a button or turn a knob to 
select a particular menu or an item on a menu. Travel up or down in the menu list and change the 
selection. Or change values and settings. 



PANELS 

The darker, labeled buttons dXs/0 play a role in menu selection: — for exanple — was used 

to select the menus for initialization. When you press any one of these it offers access to related 
menus in its group. 



Menus with shadows 



lead to other menus: Press their buttons to display those others. 



<9 



Press — * to whim to a shadowed menu. A Iso use this button whenever you wish to go back to 
the previous menu display. 



Arrows on the side of a long menu indicate that you can scroll up | or J down the menu list. 
Press one or the other of these menus' buttons to move in the desired direction, and to view or select 
any menu item not displayed. A rrows disappear when you reach the beginning or end of the menu 
list. 



24 



I SSUE D : January 2002 



WR2-OM-E RevC 





\\^eninner-2 



INITIALIZE 

Initialize your Wavemnner-2 scope to its basic default waveform display settings: 

PANELS 

6. Press to displ^ the PANEL SETUPS menu group. 



7. 



If Recall is not selected, press the button once to select it: 



-choose- 



Reca 1 1 



(or ) 



Save 



8 . 



Then press the button beside 



FROM DEFAULT 
SETUP 



Initialize to Waverunner-2 default settings whenever you wish to clear your settings and make a fresh start on a 
new measurement. 



CHECK YOUR WAVERUNNER-2 SYSTEM 



SCOPE 

STATUS 

9. Press to show the STATUS menus. 



10. Press the top button to hi^h^t and select Systiein. The screen will show your Waverunner-2's serial 
number, the version of software installed and the date of its release, as well as a full list of your currently 
installed software and hardware. 

Contact LeCroy customer service immediately if any of the options you ordered have not been installed. 
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ADD AN OPTION 

This menu will also be displ^ed when you select System: 




Use it to install new options — without the need to return your Waverunner-2 for a refit. 



1. Press that menu's button to displ^ 

2. Then press that menu's button to di^lay the AD D 0 PTIO N menus. Use them whenever you wish to add 
a Waverunner-2 option by means of a special code. Contact your LeCroy sales or service center to obtain 
the code. 




UPDATE TO THE LATEST EIRMWARE 

Your Waverunner-2 comes with the latest firmware installed. But to take advantage of our continuous 
improvement, contact us to obtain a floppy disk or card containing the latest firmware. Then use these menus 
to install it: 

UTILITY 

1. Press to displ^ the UTILITIE S menus. 

2. Press the button for 

3. Place the floppy or card in the Waverunner-2 and press the buttons to select Eloppy or Card and then 
Update Flash. The newly installed firmware will appear on the System Status screen (see above). 

You m^ also download the firmware from the internet, using ScopeExplorer. 

SAVE THE SCREEN (AND ENERGY) 

Enable or disable your Waverunner-2's screen saver: 

DISPLAY 

1. Press to show the DISPLAY SETUP menus. 

2. Press the button for " More D ispl^ Setup" to access this menu: 




Special 

Modes 



, then for the one for 



F irnnujare 
Update 
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3. 



Press its button, then select Yes or No from 



-enabled- 

Yes 



When enabled, the built-in screen saver is activated 10 minutes after the last use of a front panel control. This 
is a complete displ^ shutdown of the internal screen — an "Energy- Saver." The front panel LED light will 
indicate when the scope is in the screen-saving STAND BY state. Press any front panel button to restore the 
screen. 



DO YOU PREFER YOUR CONTROLS WITH SOUND AND AUTO-REPEAT? 

Have your buttons and knobs repeat their actions and make an audible sound when used: 

UTILITY 

1. Press to displ^ the UTILITIE S menus. These you will find useful for a variety of functions. 



2 . 



Press the button for 



Special 

Modes 



then the button for 



Front Panel 



3. Make your preferences by means of the USE R PRE E'S menus displ^ed. 

With Pushbutton auto-repeat On, all front panel buttons, when pressed and held in, will move the selection 
automatically and sequentially through all items in a menu. 

With audible feedback for buttons and knobs On, an audible "click" will sound when any front panel button is 
pressed or any knob is turned. 
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BLANK PAGE 
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wa\/er'unner'‘- 

Part One 



GETTING STARTED 



This part of the manual covers the main Wavenmner-2 features and explains, step by step, how to use 
them. You'll get to know your scope and start working with it quickly and effectively. Capture and view 
waveforms. Zoom and scroll. Learn the art of display. Use math and measurement tools. Document 
your work. 
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Chapter One: CatchaNewWave 

In this chapter, see how 

To select the input signal channel 

To use menus and contmls for basic operations 

To Bnd yourway around the display 

To adjust the timehase, gain and position of the signal 

To zoom — manually and automatically 

To set igj the tim^}ase 

To set signal coupling 

To calibrate and use the passim pmbe 

To set up the CAL andBNC outputs 
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Catch a New Wave 



View Your WfeR/efoim 

Take these steps to capture and view your signal; set time and volts per division; zoom and auto-scroll: 
1. Connect your signal to the Waverunner-2 (Channel 1 input for this example). 



2. Press to automatically set the (Edge) trigger level, timebase, and vertical settings for di^lay of the 

input signal. Press it again to confirm the action. 



3. Press ’ to select CHANNEL 1 and displ^ the basic Waverunner-2 menus. 



CHfiNNEL 1 
— Trace — 

OFF ma 



4. Use these menus in the steps on the following pages to adjust the signal's trace 
on the screen. 



Turns Channel 1 on or off. 



TIP: Press ’ twice to turn the 
channel on or off. y — ^ 



Coup 1 ing 



Accesses the CHANNEL Coupling menus. See page 38. 





Automatically makes a zoomed trace of the signal. Use the vertical 
PO SITIO N knob to move the trace so that it is clearly visible. Use the 
vertical ZOOM knob to adjust its expansion vertically. See page 36. 

Automatically sets gain and offset, and "find" the signal. 



variable 



Grids 

Qua 1 

Quad Octal 



Selects fixed or variable gain. Select "variable" to control the channel's 
gain continuously. See page 34. 



TIP: WthAUTO SETUP you can automatically set 
up signals in the 5 mV to 40 V range with a 
bequencyof >50Hzandadutycycle 
as snail as O.M. 




Selects the grid style and number. Next page: Single 
grid. See also Chapter 3, "D isplay Y our Signal." 
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Part One: GETTING STARTED 



5-Dec-00 TIMEBRSE 




1 .1 V 5on 

2 .5 V SW 2 GS/s 



50 mV 50Q _| 1 DC 4mV 

50 mV RC □ NORMRL 



To Find Your Way around the Wave runner-2 Display 





Real-time Clock field: powered by a battery- backed real-time dock, it 
displays the current date and time 



Displayed Trace Xai»e7 indicates each channel or channel displayed, the 
tim^ div and volts/ div settings, and cursor readings vdiere appropriate 



Acquisition Summary field: timebase, volts/ div, probe 
attenuation, and coupling for each channel, with the selected 
channel hi^i^ted. 
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Chapter One: Catch a New Wave 




Trigger Level arrows on both sides of the grid that mark 
the trigger voltage level relative to ground level. 





Trigger Delay is an arrow indicating the trigger time relative to the trace 



2 GS/s 
□ NORMfiL 



Trigger Status field shows sanple rate and trigger rearming status 
(AUTO, NORMAL, SINGLE, STOPPED). The small square icon flashes 
to indicate that an acquisition has been made 




Trigger Configuration field contains an icon indicating the type of 
trigger, and information on the trigger's source slope, level and coupling, and 
other information when appropriate. 




Trace and Ground L evel shows the trace number and ground level 
marker. 



Other display areas indude the Time and Frequency field, located below the grid and stating 
time and frequency relative to cursors, and a Message field placed above the grid and reserved for 
spedal messages. Eor more about the display, see Chapter 3, "Display Your Signal." 



USE TIME/ DIVTO ADJUST THE TIMEBASE 



5. 



Turn 




TIME/DIV 



to adjust the timebase as desired. 



NOTE: AUTO SETUP operates only 
on channels that are turned on, 
unless no charmels are turned on 
Then all chaimels will he affected. 

When more than one charmelis 
turned on, the Brst chaimel in 
numerical orderwith a signal — — 

applied to it will he automatically ~ 
set up for edge triggering — 

r 



The time per division is set in a 1- 2- 5 sequence. The Waverunner-2 automatically adapts itself to use the 
maximum sampling rate whenever the timebase is changed. The selected tim^ div setting is shown in the trace 
label at the top left portion of the screen, and the sampling rate in the trigger status field at the bottom ri^t- 
hand comer. 
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Part One: GETTING STARTED 



ADJUST SENSITIVITY AND POSITION 



VOLTS / DIV 

V ^ 




6. Turn to iHiuce the vertical gain sensitivity. 

The volts/ div setting is shown in the Channel 1 trace 
label 



The next two steps can be taken (if not already ) when you 
wish to fine tune the vertical gain and get a better vertical 
resolution: 



7. Fine tune the vertical gain by selecting "variable" from 
the G ain menu (see page 31). 

8. Nowtumthe VOLTS/ DIV knob throu^ several 
complete rotations, so that the entire signal reaches 
from top to bottom of the grid. Filling the grid in this 
way, you can use the full range of available digitizing 
levels. 



OFFSET 



UTILITY 

TIP: Press to sdect S^tedal Modes. 

Then select the Channel menu to choose 

In: tosettheof^tof a gain 
(VOLTS/ DIV) chimgein volts orvertical 
divisions (this is in volts, hy default). 

Autonatic RecaHhiatinn: to tom this 
feature on or off (default is "On"). "Off" 
speed c^ture, hut turn calihration is 
not certain during the c^ture period. 

GlohalBWL: to control the giohal 
bandwidth limit When On, the chosen 
handwidth (see page 38) ^plies to all 
channels. When Off, a handwidth limit 
can he set individually for each chaimeL 




9. 




to center the waveform on the grid. 



ZOOM AND SCROLL AUTOMATICALLY 

Use ZO 0 M to see more detail on your signal. The display will show the original signal and its zoomed copy. 
10. Press * to displ^ the TRACE A menus (to di^lay Trace B, C, or D, press its button). 



11. Press * again or the top soft key to di^l^ the trace and its label. (D o the same to turn off a trace.) 



12. Press the soft key for: 



MULTI ZOOM £ 
RUTO SCROLL 



TIP: To go hack to the default power-ip 
settings, simultaneously pre^ the second 

aixl Sffh metra soft keys and ^ 



The menus shown on the next page will be displayed. 



13. Use these menus to scroll back and forth throu^ the full length of one or all of your zoom copies. 
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Chapter One: Catch a New Wave 



MULTI ZOOM 



pMu It i-Zoom — 

liiaa On 
cfl) 



RUTO SCROLL 



PLRY ► 



i REVERSE 



t — Scroll bu — 1 
d i v/s 




-Speed- 
1 div 



RETURN NHILE 
SCROLLING 



MULTl-ZO 0 M unifies the control of all zoom traces, while AUTO -SCRO LL 
walks the zoom trace or traces across the referenced trace. 

__ When Off, only the active zoom trace is controlled. When On, aU 
di^layed zoom traces (A, B, C, D ) are simultaneously controlled 
(automatically) with Auto Scroll and (manually) with the horizontal 
ZOOM and PO SITIO N knobs. See the next page for more on 
Multi-Zoom. 



a To scroll the zoom trace from ri^t to left of screen. When pl^dng, 
the menu is labeled "STOP (PLAYING )": Press to stop. 




To scroll the zoom trace from left to right of screen. When pl^dng, 
the menu is labeled "STOP (REVERSING)": Press to stop. 



To scroll by divisions per second or number of divisions. Use div/ s to 
scroll continuously for viewing Use number of div for waveform 
processing, especially Pas^ Pail testing. When processing is complete, 
the di^l^ will be updated by the number of divisions set. 




To set scroll speed, using the knob. When scroUing by 
divisions, 10 div will step the zoom trace "grid-page" by 
"grid-page" across the length of the referenced trace. 




To return to the TRACE A menus, while continuing to 
scroll, by pressing the menu soft key. 



To stop scrolling and return to the previous menu di^layed. 



TIP: Consider zoom as an extra timebase that offers 
altematiw sweep speeds You can dispJ^asmai^ 
as four zooms at once. 
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Part One: GETTING STARTED 




To Zoom AND Multi-Zoom 

You can zoom several traces from a sin^e waveform to obtain precise timing 
measurements and improve the time resolution on your displayed waveform For 
instance, on a TOveform oonposed of two pulses separated by a long delay, you could 
make Trace A a zoom of the first pulse and Trace B a zoom of the second. 

Multi-Zoom allows you to move the zoomed region of the TOveform along two or more different 
traces, or two or more regions of the same trace, simultaneously. When you activate multi-zoom, 
the horizontal zoom and position controls apply to all displayed traces — A , B, C, and D — 
allowing you to view similar sections of different traces at the same time The vertical sensitivity 
controls still act individually on the traces. 

When trace labels have dotted top and bottom edges, like the one at ri^t, this 
indicates that their traces are multi-zoomed. 
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Chapter One: Catch a New Wave 



SET UP THE TIMEBASE 

SETUP 

18. Press ' in the Horizontal group of control buttons to access the TIME BASE menus. 



TIMEBfiSE 
T/div 1 [js 
20000 

samples at 
2 GS/s 
(500 ps/pt) 
For 10 ps 

— Samp 1 inq 

RI5 

f-Sample ClocK-^ 



Interna 1 



ECL 0V TTL 

—Channel Use— 
Q 2 Rutomatic 



— Sequence 

liiaa 0n 

p-Flecord up to-i 
250k 
samples 



19. Use these menus to set up the timebase in single-shot mode. See Chapter 7, 
"A Question of Timebase," for more on the sampling modes. 



Sngle-Shot sampling di^l^ data collected during successive sin^e-shot 
acquisitions from the input diannels — c^ture nonrecurring or very low 
repetition-iate events, simultaneously on all input channels. 

To select Internal or external — ECL, OV, TTL — clock modes. 
Select internal unless using an external clock signal. See Chapter 7, "A 
Q uestion of T imebase," for external clock. The LT374 and 
LT264 series have a "Channel Use" menu below "Sample Clock" (see 
"Pairing Channels" in Chapter 8). 




To switch sequence mode On or Off. Use the knob to 
choose the number of segments. See Chapter 7, "A 
Question of Timebase," for sequence sampling. 




To select the maximum number of samples to be 
acquired, using the menu knob; and, to set the default 
50k, using the menu soft key. 
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Part One: GETTING STARTED 



SET THE COUPLING 



Press ’ and then the soft key for Coupling displ^ the coupling menus. 



CHfiNNEL 1 
—Coup 1 ing— 

DC50n 

Grounded 

DClMn 

Grounded 



-V/div OFFseti 



ECL TTL 
Slobal BNL- 



20MHz 200MHz 



-Probe fltten- 



NOTE: 



21. Use these menus to set input signal coupling and grounding, the channel 
bandwidth limit, and the probe attenuation. 

Selects the signal coupling 



Moves your selection down the list. When at the bottom, as here, the 
down arrow disappears and this soft key becomes inactive. 

Press NORMAL to set offset, volts/ div, and input coupling to display 
ECL signals. Press again; settings for TTL signals are given. Press a 
third time; settings will return to those of the last manual setup. 

Press to turn the bandwidth limit Off or reduce the bandwidth to 
200 MHz or 20 MHz. Reduces signal and system noise and prevents 
hi^-freguency aliasing. G lobal BWL means that the limit set will 
apply to all channels. BWL means that a limit can be set individually 
for each channel. See the TIP on page 34 for how to set these, using 
SPECIAL MODES 

Sets the probe attenuation factor for the input channel. 
The soft keys scroll up or down, while the knobs scroll 
the selector up and down the list. LeCroys ProBus® 
system automatically senses probes and sets their 
attenuation. This menu then changes to indicate the 
type of probe attached and its attenuation factor. See 
the following pages for more on probes and ProBus. 




AC position: signals aw coiq)led capadtively, the input signal's DC component is blocked, and 
signal fwquencies below 10 Hz aw limited. 

DC position: signal tiequency congmnmts aw allowed to pass tiimugh, and an input ingtedance 
of either IMQ or 50 £2 can be selected. The maximum dissipation into 30 £2 is 05 W. Whenever 
this is attained, inputs will automatically be gmunded. "Gmunded" will be highlighted in the 
"Coig}Iing" menu and an overload message will be displayed in the Acquisition Summaiyti eld. 
Resetbywirurving the signal born the iiput and iesdecting"DC50Q." ■ — 
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Chapter One: Catch a New Wave 



SET UP FOR CAL AND BNC SIGNALS 

UTILITY 

1. Press ’ . 



2 . 



Press the soft key to select 



CFIL BNC 
Setup 



and di^l^ the CAL BNC OUT menus. 



CflL BNC OUT 
; — REAR OUT — 



OFF 



Pass/Fa i 1 
Trigger Out 
Trigger Rdy 

r 



— CflL OUT 

SET TO 1 kHz 
1 V SQUARE 



1 


L J 

Shape ■ 

BSHEIbB 


1 








DC Level 




— Amp 1 itude — 
1.00 V 
into IMQ 


— Frequency — 
1 kHz 



3. Use these menus to choose the type of signal put out at the front CAL and 
rear BNC signal outputs. Set the frequency, amplitude, and pulse shape of 
the calibration signal. 



Sets the type of signal from the rear BNC connector. 




__ Resets the CAL output to its default state: a 1 kHz 1 V square wave. 
J^l The Waverunner-2 automatically sets the calibration signd to its default 
when switched on. 

Selects the form of the calibration signal. 




Sets the pulse level for the CAL output (range: -1.00 to 
1.00 V), using the knob. 




Sets the desired frequency of a CAL signal in the range 
500 Hz to 1 MHz, using the knob. 
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Part One: GETTING STARTED 



To Calibrate the Passive Probe 

Your Waverunner-2 scope comes with a LeCroy passive probe for each channel. 

First. Turn on your Waverunner-2 scope. 

Second. Insert the probe lead in the Channel 1 input. 

Third. Connect the probe tip to the CA L output (see front panel illustration in "First 
Things"). 

Fourth. A ttach the lead's alligator dip to the ground ring indicated by located below C A L . 
The CAL signal will be a 1 kHz square wave IV p-p. 




UTILITY 



Fifth. Press 



, then the soft key to select 



CFIL BNC 
Setup 



Sixth. Turn the knob for 



-fimp 1 itude — | 
0.88 V 
into IMfl 



-nequency — | 
1 kHz 



and set the anplitude level. 

to set the frequency in the range 500 Hz to 



Seventh. N ow turn the knob for 
1 MHz. 

Eighth. Set channel coupling to DC 1 HI2 using "Coupling" (see previous page). 
Ninth. Press ’ to turn on Channel 1. 

AUTO 

SETUP 

Tenth. Press twice 



If overshoot or undershoot of the displayed signal occurs, adjust the probe by inserting the small 
screwdriver, supplied with the probe package, into the potentiometer on the probe head and turning it 
dockwise or counterdockwise to achieve the optimal scjuare wave contour. 
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Chapter One: Catch a New Wave 



How P roBus Helps You 

LeCroy's ProBus probe system provides a conplete measurement solution from probe 
tip to osdllosoope dsplay. 

ProBus allows you to control transparent gain and offset directly from your front panel — 
particularly usrful for voltage, differential, and current active probes. It uploads gain and offset 
correction factors from the ProBus E PROMS, and automatically condensates to achieve fully 
calibrated measurements. 

This intelligent interconnection between your Waverunner-2 scope and a wide range of accessories 
offers inportant advantages over standard BN C and probe ring connections. ProBus ensures correct 
input coupling by auto- sensing the probe type eliminating the guesswork and errors that occur when 
attenuation or anplification factors are set manually. 




TIP: Use the Whverunner-2's rear panel BMC signal output to provide a 
pulse: 

For Pass/ Fail testing 

At the occurimce of each accepted trigger evmt (Trigger Out) 
When the scope is ready to accept a trigger evmt (Trigger Rdy) 
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Chapter Two: Sn^fyTrigger 
In this ch^ter, see how 
To control bigg&s 
To ^ up an Edge bigger 
To re-arm triggering 
Todetemunelevd, coupling and slope 
To use Window bigger 

To obtain a summary of your bigger and system status 
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Chapter Two 



Trigger 



Edge Tiiggeron Suiq)]e Signals 

The Waverunner-2 uses many waveform capture techniques that trigger on features and conditions, which you 
define. These triggers fall into two major categories: 

Edge — activated by basic waveform features or conditions such as a positive or negative slope, and 
holdoff 

SMART Trigger® — sophisticated triggers that enable you to use basic and complex conditions for 
triggering See Chapter 8, "Trigger Smart." 

Use the Edge trigger type for simple signals, and the SMART Trigger type for signals with rarer features such 
as glitches. 

CONTROL TRIGGERING 

^ DELAY 

< . > 

Horizontal: Turn ^ I U to adjust the trigger's horizontal position. 

You can adjust the trigger's position from 0% to 100% pre- trigger, from left to right on the grid. DELAY can 
also be used for setting the post-trigger, in time units, up to 10 000 divisions, in increments of 0.1 division. 

The trigger location is shown by the arrow at the grid bottom, as 
shown here at near ri^t. 

Post-trigger del^ is labeled in the trigger delay field, where the 
arrow becomes horizontal, as shown here at far ri^t. 



LEVEL 




Vertical: Turn to adjust the trigger's vertical threshold. 

Turn this knob to adjust the level of the trigger source or the highlighted trace. Level defines the source voltage 
at which the trigger will generate an event — a change in the input signal that satisfies the trigger conditions. 

Arrows on both sides of the grid show the threshold position. But these arrows are only 
visible if the trigger source is displ^ed and the source signal D C coupled. 
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Chapter Two: Trigger 



To Determine Trigger Levei, Coupling and Slope 

Level defines the source voltage at v\hich the trigger circuit will generate an event: 
a change in the input signal that satisfies the trigger conditions. The selected trigger 
level is associated with the chosen trigger source 

Trigger level is specified in volts and normally remains unchanged v\hen you change the vertical gain 
or offset. The anplitude and range of the trigger level are limited as follows: 

±5 screen divisions with a channel as the trigger source 

±0.5 V with E X T as the trigger source 

±5 V with EXT/ 10 as the trigger source 

None with LINE as the trigger source (zero crossing is used). 

Coupling refers to the type of signal coupling at the input of the trigger circuit. A s with the 
trigger level, you can select the coupling independently for each source Change the trigger source and 
you can change the coupling. You can choose from these coupling types: 




DC: All the signal's frecpiency conponents are coupled to the trigger circuit for hi^ frecpiency 
bursts or where the use of A C coupling would shift the effective trigger level. 



AC: The signal is capadtively coupled, DC 
levels are rejected and frecpiendes below 50 Hz 
attenuated. 

LE REJ : The signal is coupled throu^ a 
capadtive hi^-pass filter network, DC is rgeded 
and signal frecpiendes below 50 kHz are attenuated. 
Eor stable triggering on medium to hi^ frecpiency 
signals. 

HE REJ : Signals are DC coupled to the trigger 
drcuit, and a low-pass filter network attenuates 
frecjuendes above 50 kHz; used for triggering on low 
frecjuendes. 

HE: U se only when needed for triggering on 
hi ^-frecjuency repetitive signals. HE is 
automatically overridden and set to A C when 
inconpatible with trigger charaderi sties such as those 
of SMART Trigger. 

Slope determines the diredion of the trigger voltage 
transition used for generating a particular trigger 
event. You can choose a positive or negative slope. 
Like coupling, the seleded slope is assodated with 
the chosen trigger source 




Trigger 



Eigure 1 . E dge trigger works on the seleded 
edge at the chosen level. The slope — positive 
here — is hi^i^ted on the trigger icon. 
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Part One: GETTING STARTED 



To Re -Arm A Trigger 

Three trigger re- arming modes — AUTO, NORMAL, and SINGLE — are 
available for all types of triggers. In addition, STOP cancels the capture in all 
three modes. 

AUTO 

Press to activate AUTO mode: the trace will automatically be displayed if no trigger occurs 
soon after. But if a signal does occur, the Waverunner-2 behaves as if in NORMAL mode 

NORMAL 

Press to enter N ORMA L mode and continuously update the display v\hile there is a valid 
trigger. If there is no valid trigger, the last signal is retained and the warning "SLOW 
TRIGGE R" is displayed in the trigger status field. 

SINGLE 

Press to enter SINGLE mode: the Waverunner-2 will wait for a sin^e trigger to occur, then 
display the signal and stop capturing. If no trigger occurs, you can press this button again to 
manually trigger the scope. 

STOP 

Press to halt the capture made in AUTO, NORMAL or SINGLE re- arming modes. Press 
STOP to prevent capture of a new signal, or while a sin^e-shot capture is under way to keep the 
last captured signal. 




To Recognize Trigger Icons 

Trigger icons allow immediate on-screen recognition of the current trigger conditions. There is an 
icon for each trigger. The more heavily marked transitions on the icon indicate the slope on which the 
trigger will be generated. The icons are annotated with information on the trigger settings. 

This icon, for exanplg represents an Edge trigger set up to trigger on the positive slope, at a level of 
0.008 V, with a holdoff time of 50 ns. 



1 DC 0.00S V 
i !<- H^oFF 50 ns 
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Chapter Two: Trigger 



USE WINDOWTRIGGER 

D efine a region whose boundaries extend above and below the selected trigger level. A trigger event will occur 
when the signal leaves this window region in either direction and passes into the upper or lower region (Fig. 2). 
The next trigger will occur when the signal again passes into the window region. 



1. Select 

pujindou size— 1 
+- 6T.0m\y 
around level 

2. Then turn the knob for to define the size of the window region (0.80 to 9.99 V). 

As you turn the knob, a solid bar that shrinks or lengthens at the left-hand side of the grid visually indicates the 
window's height. 





Figure 2. Window Trigger: triggers v\hen the signal leaves the window region. The arrows indicate 
vdiere triggers occur when the signal leaves the window region. 
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Part One: GETTING STARTED 



TRIGGER SOURCE 

The trigger source may be one of the following: 

The acguisition channel signal (CH 1, CH 2, CH 3 or CH 4) conditioned for the overall voltage gain, 
coupling, and bandwidth. 

The line voltage that powers the oscilloscope (LINE). This can be used to provide a stable di^lay of 
signals synchronous with the power line. Coupling and level are not relevant for this selection. 

The signal applied to the EXT BNC connector (EXT). This can be used to trigger the oscilloscope within 
a range of ±0.5 V on EXT and ±5 V with EXT/ 10 as the trigger source. 

Level 

Level defines the source voltage at which the trigger circuit will generate an event (a change in the input signal 
that satisfies the trigger conditions). The selected trigger level is associated with the chosen trigger source. Note 
that the trigger level is specified in volts and normally remains unchanged when the vertical gain or offset is 
modified. 

The Amplitude and Range of the trigger level are limited as follows: 

±5 screen divisions with a channel as the trigger source 
±5 V with EXT/ 10 

none with LINE as the trigger source (zero crossing is used) 



Note: Once sped&ed, Trigger Level and Coiplmg are the only 
paiameteis that pass unchan^d horn tnggermode to trigger mode 
for each trigger soitrce. 
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Chapter Two: Trigger 



OBTAIN A TRIGGER STATUS SUMMARY 



Displ^ a summary of the status of your trigger, as well as timebase, vertical sensitivity, probe attenuation, and 
offset and coupling for each channel. 



SCOPE 

STATUS 



PRINT 

SCREEN 



1. Press to show the STATUS menus 



TIP: Press to document your status summary 

and make a hard copy. 



2 . Select Acquisitioa 



PANELS 

Press when you have a setting you want to 

reuse (see the next chapter for mote on this). 



?l-Oac-00 








STATUS 














flCPUISITTDN 


STfiltJS 














BiJiiiiMmM 




D 


Z 


3 4 


Eyitan 


1. Lea 1 








Test £ litres 


V/d Iv 


5Q NV 


2 V 


50 wW .5 V 


I^vbF otfi 


Probe 


Mi 


XL 


h.] 


henocu UEed t 


QFFeet 


Q.34Q5 V 


-0.36 V 


9.QQSQ V -Q.7S0 V 


^ ■ 


Coup L rng 


RCirti 


*cinn 


OCirtl flClrfi 




QH L imlt 


OFF 


CPF 


OFF OFF 




TiPie base 










T i Pie/d i v 


] MS 


Tine/nni 500 ps < 2 03/s> 




0IS OFF 










Sequence OFF 




P-ts/div 2000 




Tr L^ar Edga 


Fbda STOPPED 








External fltt 


enuatidn x] 










1 DC -34DpLV 


t l-Hr-Al 






i — li > — 


H'oFF 50 0 ns 








Pre-trigger Delay ]0?! 


(I.B psl 














2 DE/s 








□ 


STOPPED 



Press the SCOPE STATUS button for access to full-screen summaries of your Waverunner-2's 
system status and other functional status. 

SeeCh^terft "Trigger anait," for more about Edge trigger and aU about the SMART Trigger types. 
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Chapter Three: Display Your Sgnal 

In this chapter, see how 

To view signal changes overtime 

To ^ up the display 

To set up for Analog Persistence™ 

To choose a grid style 
To save and recall pand setups 
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Chapter Three 



Display Your Signal 



Di^la^ Persistmce 



You can use Waverunner-2 colors and tools to display your 
signal on the screen. 

View one, two, four, or ei^t grids and up to eight traces 
(depending on model) at the same time. Adjust display and 
grid intensity. Choose from several grid styles. Or fill the 
entire screen with your waveforms using Full Screen. 

You can personalize your Waverunner-2 display, while 
managing color and screen intensity automatically. The 
displayed signal and all related information share identifying 
colors chosen by you. Show signals and traces opaquely or 
transparently, so tirat overlapping objects — traces over 
traces, traces over grids — are always visible. 

Other invaluable tools and techniques, such as the 
Analog Persistence feature, help you di^l^ your waveform 
and reveal its idiosyncrasies. 



VIEW SIGNAL CHANGES OVER TIME 

Use Persistence to accumulate on-screen points from many acquisitions and see your signal change over time. 
The Waverunner-2 persistence modes show the most frequent signal path "three-dimensionally" in intensities 
of the same color, or graded in a spectrum of colors. 



To displ^ your waveform with persistence: 

ANALOG 

PERSIST 

1 . Press to displ^ your signal with 
Analog Persistence or Color G raded persistence. 

DISPLAY 

2. Press to displ^ the "Display Setup" menus. 




TIP: To clear your settings and make a 

"6esh" start on a new waveform: 

L Connect the signal to be nreasmed to a 
Wavermmet-2 chaimeL 

2 Simultaneously press tbe second and 

BPh menu soft keys and ’ torevert 
to the default settings. 

3 Turnoff any unwanted tr^es by 
pressing A, B, C, orD. 

4 i^ess SELECT 12,3 or 4 for the 
signal's charmel and choose 
"Coupling " Ensure that the coipling 
matches the circuit's impedance. If not, 
set it correctly using the menu softk^. 



5. Press AUTO SETUP twice. 
Then follow the steps below. 
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Part One: GETTING STARTED 



SET UP YOUR DISPLAY 



DISPLfiV SETUP 



Standard 



XV 



r—Pans istence- 
OPP gQ 
C InP in ite ) 




-Gn ids- 



Dua 1 
Quad Octal 



— For trace — 

Q 2 3 4 R B C 

D fill 



-saturate at— i 
50.0 X 

(toggle zero) 



TIP: At 0% intensity in Standanl display 
without persistence, the waveform and text 
disappear. 



PANELS 



Press to recall a panel setup and to 

return them to norrral brightness. 



Use these menus to set up your displ^. When not using persistence, some menus 
are different, as indicated bdow 



Selects standard or X Y di^l^: Standard is selected by default 
See Chapter 9, "Display More," forXY di^l^. 

ANALOG 

PERSIST 

Turns persistence on or off. 0 r press ^ to tog^e it on or off. 
Infinite is the default "persist for" setting under Persistence Setup. 

Sets up the persistence di^lay (see next page). When Persistence is Off, 
this menu becomes D ot Join: when there are more than 400 sample 
points on the screen, the points are connected by line segments 

Accesses more display setup menus. See Chapter 9, "D isplay More." 



Selects the grid style and number. See page 58. 



Used with persistence to select the di^layed trace for the 
menu action below. When persistence is not being used, this 
menu is called Wfoim + Text and its knob adjusts 
waveform and text brightness. 

Used with persistence to select the percentage of 
saturation: 100% treads the ^ectrum across the entire 
depth of the persistence data map; at lower values, the 
spectrum will saturate — brightest color or shade — at the 
percentage value specified. Lowering this percentage causes 
the pixels to be saturated at a lower data intensity; and 
makes visible rarely hit pixels not seen at higher 
percentages 

When persistence is not being used, this menu is called 
G rid intensity; its knob adjusts the intensity of the grid. 

G rids can be brightened, or blended with delayed traces 
by reducing their intensity. Also press this menu soft key to 
return bri^tness from 0% to the default level. 
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Chapter Three: Displa^YourSgnal 



SET UP FOR PERSISTENCE 



4. 



Press the menu soft key for 



Pans istence 
Setup 



to access these menus. 



PERSISTENCE 

pLast Trace — 
Cshouj) 

OFF EB 
r-Pensist For— i 

0.5s 1 s y 

2 s 5 s 
10 s 20 s 



InF in ite 



Persist 



fill traces 



Top 2 

Us inp- 

Color Graded 
— For trace — 

Q 2 3 4 R B C 

D nil 

psaturate atp 
50.0 X 

(zero toggle) 



5. Use them to set up your persistence di^lay. 



j|^ D isplays the last trace captured. 



Selects the persistence duration, in seconds. If this were to be set at 
1 s, for example, each captured trace would be di^l^ed for one 
second and then deleted. The number of sweeps included in the 
di^lay (up to one million) is indicated at the bottom of each trace 
label. The default selection is Tnfinit p. 



Selects persistence for all, or the top two labeled traces di^layed. This 

a becomes useful when four traces or functions are shown and 
persistence will not be applied to all of them. 



Selects Analog and renders the persistence data maps to the screen in 
intensities of the trace color; or selects Color Graded, where the 
maps are rendered in a red-to-violet ^ectrum. 




Selects the di^l^ed trace for the menu action below. 




Selects the percentage of saturation. See menu 
explanation on the previous page. 




6. Press Return to go back to the main display setup menus. 



CLEAR 

SWEEPS 



TIP: Press to restart the persistence accumulation of 

points— forexangjle, when you change tiie signal source and 
want to clear the previous trace. 
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Part One: GETTING STARTED 



SET UP FOR PERSISTENCE AND HISTORY USING ANALOG PERSIST BUTTON 

ANALOG 

PERSIST 

7. Press ^ . 



PERSIST 

pPers istence — 1 
OFF gQ 
CO. 5 s) 




8. Use them to set up your persistence di^lay. 



a Enables Persistence. The di^l^ed time interval is the "Persist for" 
setting from Persistence Setup. 

Di^lays the PERSISTENCE SETUP menus described on the 

a preceding page. The number of sweeps included in the di^lay (up to 

one million) is indicated at the bottom of each trace label. The default 
selection is Infini te. 



D inlays History menus (see next page). 
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Chapter Three: Displa^YourSgnal 



When Using the Analog Persist button to Enter History 

The default number of segments and the record length are determined by the 
"Sequence" and "Record up to" settings in the Timebase menu. You can change 
these settings at any time althou^ doing so will dear sweeps and begin a new 
collection of data. In History mode each sweep will be conposed of a number of 
segments, each with a defined record length. 




To initiate History data collection, propffly trigger the scope; the signal will be 
collected. Persistence will be automatically turned on before data collection, with the 
"Persist for" setting defaulted to whatever was previously set. 



NORMAL SINGLE 

T 0 collect more than one sweep, trigger in mode or press for the 

required number of sweeps. Sin^e shot triggering is best because there is no way to 
view a segment in a sweep earlier than the current sweep unless that sweep was 
saved to memory. 
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Part One: GETTING STARTED 



SET UP FOR HISTORY 



History 



9. From the PERSIST menu, select 



HISTORY 




HISTORY 

OFF 








SEfiRCH 




CL-.,-.. . 




0 \ lUUJ 

OFF Timestamp 
BB8IKEBB Time 




f— on channel — 

1 s 


r_„ 




r ui 
100 

(events ) 




r-saturate at— i 
5.0 X 

(toggle zero) 


1 1 



10. Use these menus to set up your History display 



Turns History off and returns to preceding menu. 



Searches throu^ a set of segments one by one or pl^s through them 
m forward or reverse order, with a pause for each display. 

Selects the type of segment data to be displayed below the grid. 
Timesfanq) displays acguisition time for each segment, time since the 
first segment in that sweep, and time between segments. Voltage 
di^lays five voltage parameters plus statistics. Time di^lays similar 
information for time parameters. 



Selects the trace for display, defined by the selections below. 




Selects the number of events when Time or Voltage is 
selected for "Show" above. When Timestanqi is 
selected, you can scroll throu^ the segments one at a 
time by pressing the soft key, or play through them in 
forward or reverse order by turning the knob. 




Used with persistence to select the percentage of 
saturation: 100% spreads the spectrum across the entire 
depth of the persistence data map; at lower values, the 
spectrum will saturate (bri^test color or shade)at the 
percentage value specified. Lowering this percentage 
causes the pixels to be saturated at a lower data intensity, 
and makes visible rarely hit pixels not seen at hi^er 
percentages. 
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11. To view a particular segment, from the HISTO RY menu select 
selected is di^l^ed on channel D. 




. The segment 




12. Use these menus to locate the segment for display. 



a Automatically di^lays each segment sequentially forward, beginning 
with the selected segment. Press a second time to stop forward pl^. 



Automatically di^lays each segment sequentially backward, beginning 
with the selected segment. Press a second time to stop backward pl^. 




Press the button to advance forward one segment at a 
time, or turn the knob forward or backward to rapidly 
locate a segment. 
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Gri ds 

3nBTB Dual 
Quad 



mm 

XY 



Grids—— 

Single w 
Quad 



XY 



Grids 

Sin gle Dual 



CHOOSE ACRID STYLE 

At left are the Standard grid styles for one, two, and four 
grids Depending on the Waverunner-2 model, six or eight 
traces on six or eight grids can be shown at once (see 
facing page), with their trace labels and any combination 
of madi, zoom, and memories Standard grids present 
source waveforms versus time (for FFT, versus frequency). 
XY display, on the other hand, compares one source 
waveform with another. It has its own fecial grids (see 
Chapter 9, "Display More"). The Parameter-style grid 
is displayed automatically when parameters are used (see 
next chapter). 

To Link AND Separate Objects 
WITH Color 

Advanced color management ensures that 
objects — grids, vraveforms, cursors, or text — are 
always visible, even when overlapping. Signals and 
their related data are color associated. E ach trace 
has its own dedicated color. Persistence displays are 
automatically color matched to the parent trace. 
Related traces and text, icons and parent- dau^ter 
zoom regions are also linked by color. 

The choice of background coloris limited to the 
darker colors so that displayed objects will be dearly 
defined and recognizable The colors of objects that 
are too dose in hue to the chosen background color 
are automatically changed so that the objeds always 
stand out. 

Each tiace has its own color. But expanded or 
zoomed sections of a trace can be given their own 
colors, so that a sin^e trace may have a number of 
colors at once its prindpal color plus those of a 
number of expanded regions. 

Iraoe-iEfefiet/terf indudes pieces of on-screen 
information that describe measurement parameters, 
cursors, triggers, waveforms, and channels. A 
standard text color covering all on-screen text exists 
in the preset color schemes, or can be chosen for 
custom palettes. See Chapter 9, "Display More" 
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Waveform source descriptions, trace labels and the information they contain will always take the 
color of their respective traces, as in this four-channel model's Octal-grid, ei^t-trace display. 



Mostmenus aw displayed in the text caloronly.The active trigger edge or condition shows source 
related information in the trace color, as does the trigger icon. Channel Coupling menu titles are 
trace colored, and Math Set-Up menu sources have their own color. 

Select Opaque to place overlapping waveforms one on top of the other in normal, non-transparent 
layers. Select Transparent for overlap mixing: those areas of the waveforms that overlap will 
automatically change color, while grid intensity remains constant. See Chapter 9, "Display More" 

Objects aw automatically oveiiaid in sequence. With traces of the same type, the foremost is 
described in the top trace label, the next in the second- from- top trace labd, and so on in descending 
order toward the background. Choose the order in which traces appear using the SE LE CT soft keys. 
When different types of traces are displayed, placed by default in ascending order from the grid at 
the bottom are: envelope traces, persistence traces, normal traces, and cursors (foremost on the 
screen). This secpience can also be customized. 
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Save and RecaQ Your Panel Sebq)s 

Your Wavemnner-2 scope allows you to store your preferred displ^ settings and recall them later. Or choose to 
recall a default setup already installed in the scope. Storing and recalling panel setups is very practical when you 
have set up elaborate zoom and math displays on multiple traces and would hke to use them on another signal. 
The scope can store four panel setups in volatile memory, and many more to floppy disk or the optional PC 
Card slot (memory card or hard disk card), in numbered files mark^ with their date and time of storage. You 
can recall them quickly and easily for later use. 

SAVE PANEL SETUPS 



PANELS 

1. Press to displ^ the PANEL SETUPS menus. 



PRNEL SETUPS 

choose 

Recall Con) 



Save 



— TO SETUP 1 — 
Empty 



— TO SETUP2 — 
Empty 



— TO SETUPS — 
Empty 



— TO SETUP4 — 
Empty 



TO CRRD 



TO FLOPPY 



Use these menus to save your preferred panel setups — 
example. 

2. Select Save. 

^^1 3. Saves to SETUPl. 



_^H Saves to SETUP2. 
Saves to SETUPS. 

Saves to SETUP4. 




to SETUPl in this 



GO 
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RECALL PANEL SETUPS 



1 . 



Press the soft key to select 



choose- 



Reca 1 1 



Save 



2 . 



Press the soft key to select 



pFROM SETUP3-| 
2T-DEC-2000 
07; 19:29 



and recall the setup you stored for example in SETUP 3. 



Or, to recall a default setup already stored in your scope, press the soft key to select 



FROM DEFAULT 
SETUP 



Or, when you store setups to floppy disk or PC Card, press the soft key to select 



From Card 
or Flpy 



The last alternative accesses the RECALL SETUPS menu, which enables you to recall setups from a 
floppy disk in the floppy disk drive, or an optional portable storage device (PC memory card or hard disk 
carxi) in the PC Card slot. 



To store and recall the wavefomis themselves, see Chapter 5, "U se Math Tools. " 
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In this chapter, see how 
To control tune cursors 
To control any)Utude cursors 
To use cur^rs in standard displ^ 

To select a standard parameter 
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Chapter Four 



Choose a Measuw Tool 



Cmsois: Tools for Measming Signal Values 



T i 



In Standard display mode, Anqilitude (or Voltage) cursors, which appear as broken lines or bars 
running across the screen, are moved up and down the grid pxd typixd. 



Time cursors (arrows or cross-hair markers that move along the waveform) can be placed at a 
desired time to read the amplitude of a signal at that time, and moved to ©ay an^epdnt acguired. 



When a T ime cursor is placed on a data point, a cross-bar appears at the tail of the arrow, or at top and bottom 
of the cross-hair marker. 



In Absolute mode, a single cursor is controlled. Readings for amplitude (using Amplitude cursors) or time and 
amplitude (using Time cursors) can be di^l^ed at the cursor location. Measured voltage amplitudes are 
relative to ground; measured times are relative to the trigger point. 

In Relative mode, two Amplitude or two Time cursors are controlled at the same 
time, providing readings on the difference between the two in amplitude, or time 
and amphtiide, respectively. 

Amplitudes are shown in the trace label for each trace. When Time cursors are used, the time is shown below 
the grid. In Relative mode, the frequency corresponding to the time interval between the cursors is also 
displayed there. 

When there are few data points displayed. Time cursor positions are linearly interpolated between the data 
points Time cursors move up and down along these straight line segments 




CURSORS AND PERSISTENCE 

When using Persistence, Amplitude cursors are the same as in Standard Di^lay (see above). Time cursors are 
vertical bars that move horizontally across the screen. 
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CURSORS IN XY DISPLAY 

In XY Displ^, Absolute Amplitude cursors are horizontal and vertical bars that you can move up and down 
and from side to side across the screen. Relative Amplitude cursors are pairs of bars that move in the same way. 
Absolute and Relative Time cursors behave as they do in Standard Display 

Combinations of the Amplitude values are shown on the left-hand side of the grid in the following top-to- 



bottom order. 

1. "AY value/ AX value" Ratio 

2. "20 * log 10 (ratio)" Ratio in dB units 

3. "AY value * AX value" Product 

4. "(|) = arc tan (AY / AX) 

range [-180° to -1-180°]" Angle (polar) 



5. "r = sgrt (AX * AX - 1 - AY * AY)"..Radius (distance to origin). 

The definition of AX and AY depends on the cursor used. The table below shows how AX and AY are defined 
for each type of measurement. 



r Cursors 




AAbs 


ArbI 


TAbs 


TrbI 




Oig = (OtO) Oig= Vxoffeet 

Vyotfeet 


AX 


VxRef- 0 


VxDif- VxRef 


VxRef-0 VxRef- VxOtfeet 


1 VxDif- VxRef 


AY 


VyRef - 0 


VvDif- VyRef 


VyRef - 0 VyRef- Vyotbet 


1 VyDif- VyRef 


Where: 






AAbs 


A hedutie A iipiitude oirscrs 


VxRef 


V dta^cfttERAaiEaiiHrcntheX trace 


ARd 


Rdati've A irphtude oirscts 


VyRef 


V dta^cf tteRfeiBcriiHrcntheY trace 


Taes 


A tsdutETime oirscrs | 


VxDif 


V dta^cf tteDffiHiecmsxcntiEX trace 


Tru I 


RdatiTOTmE oirscts 


VyDif 


V dta^cf tteDifeiecmsxaittEY trace 


Oig 1 


Oiign 
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WAVE PILOT 




1. Press ; the following menu is di^l^ed. 



NfiVEPILOT 




2. Use these menus to set up for parameters. 




Turns off cursors (or parameters) and returns the di^l^ to grids only. 
To reactivate cursors, press the soft key for Cursors, next in line. To 
reactivate parameters, press the soft key for Measuie. 




Accesses cursor setup menus. 




Accesses parameter setup menus. 




Access Histograms, JitterTrack, FFT, and TrackView features. 




Accesses setup menus for pass/ fail testing. 




Accesses software options like Power Measure. These 
software packages modify normal scope control and menu 
layout. This soft key is labeled only if analysis packages are 
loaded. 
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3. 



Press 



Cursors 



; the following menu is di^l^ed. 



CURSORS 



nnode- 



T i me 



flmp 1 itude 
— tiipe 



Relative 



Absolute 

Slope 



— ReFerence — 
cursor 
Track QJS 



0 iFFerence 
cursor 



4. Use these menus to set up your cursors. 



Selects Anqilitude (voltage), or Time or frequency cursors. 



Relative di^lays two cursors, Reference and Difference, and indicates 
either the voltage or time and voltage between the two. Absolute displ^s 
a sin^e cursor that indicates either voltage compared to ground, or this 
and time compared to trigger point. 

Selects the D iff erence minus Reference cursor, or the D iff erence plus 
Reference cursor. This appears only if XY Display is activated. 




Controls the Reference cursor available with Relative 
cursors. With Track on, reference and difference cursors are 
controlled by this knob and move together; a constant time 
or voltage interval is maintained between them. This 
tracking interval is represented by a bar (horizontal for 
time; vertical for voltage) that appears above or to the left 
of the grid. 




Controls the position of the Relative cursor. It is available 
only when Relative is selected from the 'type" menu above. 
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Measure with Cuisois 

Cursors are important tools that aid you in measuring signal values Cursors are markers — lines, cross-hairs, or 
arrows — that you can move around the grid or the waveform itself. Use cursors to make fast, accurate 
measurements and to eliminate guesswork. There are two basic types: 

Time (Freguency) cursors are markers that you move horizontally along the waveform. Place them at a 
desired location along the time axis to read the signal's amplitude at the selected time. 

Anqilitude (Voltage) cursors are lines that you move vertically on the grid to measure the amplitude of a 
signal. 

CONTROL THE TIME CURSORS 

DISPLAY 

1. Press and make sure that Standard is selected in the top menu. 



2 . 



jVrTiig 



Press 



then select Cursors. 



3. 



Press the soft key to select 



ffiode 



T i mG 



flmp 1 itude 



SINGLE 

TIP:Pibss as a smooth to stop your 

\\hverunner-2 scope and allow measurement of 
die displayed waveform. 



4. 



Press the soft key to select 



— type— 
Relative 



Absolute 



5. 



Turn the knob for 



cursor 

Position 



to move the Absolute Time cursor -j- . 



Watch this cross-hair marker move up and down along your displ^«i waveform. As it moves, the cursor's time value 
in relation to the trigger point is shown beneath the grid, and its voltage value in the trace label. 
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6. Press the soft key to select 
I type— 1 



Relative 



Absolute 



TIP: Select "J. &f "Pom the "show" menu to dispb^m 
tile Pace bbd the abscAibe amplitude witiiiespectto 
gmundkied, of the tmiRedatiie time cuts(«s. 




7. Turn the knobs to move the two Relative time cursors T i along the waveform. 

Beneath the grid the Waveruriner-2 shows the relative time and voltage difference between the two cursors. 
When you use Relative time cursors, the Reference cursor (upward-pointing arrow) can be changed, and could 
be different from the trigger point. You mi^t place it, for example, at the falling edge of the captured signal's 
oscillations. You can move the Difference cursor (downward-pointing arrow) to measure the time difference 
anywhere on the waveform. Selection l-\ displays the subtraction of the reference from the difference 
amplitudes. 



CONTROL THE AMPLITUDE CURSORS 

1. Press the soft key to select 

mo d e 

Time 




2. Press the soft key to select 

type 

Relative 



Rbso lute 



TIP: Turn Track "On" in the Reference Cursor 
menu. The difference between the Reference and 
Difference cursors will remain the same when you 
turn this menu's knob, and the two cursor bars wiU 
move in tandem Turn the Difference cursor menu 
knob: only this cursor's position will change. The 
linkbetween the two cursors is indicated by a 
vertical bar at the side of the grid. Press the same 
rrwnu softkey to turn Track "Off". 



3. 



Turn the knob for 



cursor 

Position 



to move the Absolute Amplitude cursor 



Place it at the top of your di^l^ed waveform. The difference in amplitude between the cursor and the ground 
level (indicated by the ground level marker at right of grid) is shown in the trace label. 
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4. 



Press the soft key to select 



■tupg 



Relative 



Absolute 



and show two bar cursors: Reference and Difference. 



5. Turn the knob for 



i — ReFerence — 
curs or 

TrecK iSS On 



to move the Reference cursor. 



Turn tracking on 



: — ReF + DiFF- 
cursors 
Track OFF 113 



to move both cursors together. 



6. Turn the knob for 



0 iFFerence 
cursor 



to move the Difference cursor only. 



When you use Relative Amplitude cursors, you can make the Reference cursor different from ground level. You 
might place it, for example, at the base level of a square wave. You could then position the Difference cursor at 
the top of the waveform. The difference between die two would then give you the signal's amplitude, indicated 
in the trace label, as illustrated on the next page. 
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14-Feb-99 

16:21:58 



MEASURE 




. 1 ms 

w A V 50[] 

2 .5 V AC 

3 50 mV AC 

4 50 mV AC 



1 DC 252mV 







OFF Wim.lLfc 

Parameters 



|Amp 1 itude| 



Absolute 



1 — ReFerence- 



Track 



DiFFerence 



50 MS/s 



□ STOPPED 



Relative A nplitude cursors mark out the signal's anplitude Here it is 510 mV , as indicated in the 
trace label at top-left of screen. 
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To USE Cursors IN Standard Display 

Y ou can move Amplitude (V oltage) cursors — broken lines or bars running across 
the screen — up and down the grid pixel by pixel. A nplitudes are shown in the 
trace label for each trace 

Place Time (Frecjuency) cursors — arrows or cross-hair markers that move along the waveform — 
at a desired time to read the anplitude of a signal at that time, and move them to every sin^e 
point accpiired. 

When you place a time cursor on a data point, cross-bars appear on the arrow and cross-hair 
markers i J 

The time is shown below the grid. In Relative mode the frecjuency corresponding to the time interval 
between the cursors is also displayed there. When there are few data points displayed, time-cursor 
positions are linearly interpolated between the data points. T ime cursors move up and down along 
these strai^t-line segments. 

In Absolute mode, you control a sin^e cursor. You can display the cursor location's readings for 
anplitude (using anplitude cursors) or time and anplitude (using time cursors). Measured voltage 
anplitudes are relative to ground; measured times are relative to the trigger point. 

In Relative mode, you control a pair of anplitude or time cursors, and get readings on the 
difference between the two in anplitude, or time and anplitude 

When in Persistence Mode 

In persistence mode, anplitude cursors are the same as in Standard display, while time cursors are 
vertical bars running down the screen and moving across it. 




TIP: To set tiim-cuisoranyilitude units in volts or decibels... 

UTILITY 



Press to access and select Special Modes. Then select 

the Cursors Measure riKnu to access and use the ReadthiK 
cursor amplitudes in menu to select the desired unit 
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Measuie AutDinaticaDy with PaiamebBES 

Parameters are measurement tools that determine a wide range of signal properties. Use them to automatically 
calculate time and voltage values. There are parameter modes for the amplitude and time domains, custom 
parameter groups, and parameters for pass and fail testing You can make common measurements on one 
signal in either the standard voltage (amplitude) or standard time modes On more than one signal, select 
parameters from a Custom category and use them to determine up to five guantities at once. Pass and fail 
parameters can be customized, too. You can accumulate and displ^ statistics on each parameter's sweeps, 
average, lowest, highest and standard deviation. See Chapter 11, "Analyze with Parameters," for howto 
customize parameters, and for a description of each. 




42S(vfl/ 

pkF*i;fl) ES6ciV 

PreqilC) HJL 3.42579 Mfc 

□ STOPPCD 



A special display is automatically used with parameters, vdiose data are listed beneath the grid (see 
next page for display setup). Shown here: a Full-Screen, Cuad-grid parameter display. Top of facing 
page: the Standard, Sin^e-grid, parameter display. 
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CHOOSE A STANDARD PARAMETER 






1. Press , then select Measure. 

Standard Voltage will be selected by default in the mode menu, shown 
below, and a list of five parameters will appear beneath the grid. This list 
will change when Standard Time is selected. While Measure is selected, 
statistics accumulation (see below) goes on, even if not shown. 



ptpK(l) 
nean(j) 
sdeu(j) 
nns(l) 
anpl (p 



MEfiSURE 



■mode- 




Std Time 

Custom 

Dashboard 



—statistics — 
OFF gQ 



3n trace- 



D 



From 

0.00 div 
Track 0FF ^ 



to 

10.00 div 
400 pts 



2. Use these menus to set up for parameters. 




Selects the mode. Standard Voltage measures for a sin^e signal: peak- 
to-peak (the amplitude between the maximum and niinimum sample 
values), mean of aU sample values, standard deviation, root mean square 
of all sample values, and signal amplitude. Standard Time measures for 
a sin^e signal: period, width at 50% of amplitude, rise time at 10-90% of 
amplitude, fall time at 90- 10% of amplitude, and the del^ from the first 
trigger to the first 50% amplitude point. 



Automatically calculates the di^layed parameters' average, lowest, highest 
and standard deviation, and nui^er of sweeps used. 




Selects the trace on which the parameters are to be measured. This menu 
indicates those traces displayed. 




Sets the starting point in screen divisions for parameter 
measurements, using the knob. Turn Track On, using the 
soft key. Control of the starting and end points is linked 
and they can be moved together using the knob. 




Sets the end point in screen divisions for parameter 
measurements, using the knob. Also indicates the total 
number of data points used for the measurements. 
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DISPLAY 

3. Press ■’ to set up the display (to select parameter grid styles, for example) using D I SPLAY SETUP. 
See the preceding chapter. 

TURN OFF CURSORS AND PARAMETERS 

1. Press to return to the Wavephot menus, or press ^ . 

2. Press the soft key to 
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To Recognize Parameter Symbols 

The algorithms that allow the Waverunner-2 to determine pulse- waveform parameters 
detect the particular situations where the mathematical formulas can be applied. 

Sometimes you should interpret the results with caution. In these cases the scope alerts you by 
displaying a symbol under the grid between the name of the parameter and its value These symbols 
act as information or warnings: 




nn 

•S' 

1 



The parameter has been determined for several periods (up to 100), and the average of 
those values has been taken. 

The parameter has been determined over an integral number of periods. 

The parameter has been calculated on a histogram. 



< 

Z 



Insufficient data to determine the parameter. 

Anplitude histogram is flat within statistical fluctuations; minimum and maximum are 
used to assign top and base 

Only an upper limit could be estimated (the actual value of the parameter may be 
smaller than the displayed value). 

The signal is partially in overflow. 

The signal is partially in underflow. 

The signal is partially in overflow and in underflow. 
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Chapter Five: Use Math Toots 

In this chapter, see how 
To set iq} for math 
To do multiplication 
To peiform an FFT 
To do summed avemging 
To stow andwcall wavefonns 
To obtain a wavefonn or memory status wport 
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Chapter Five 



Use Math Toots 



Math Easy 

With Waverunner-2 math tools you can perform mathematical functions on a waveform displ^ed on any 
channel, or recalled from any of the four reference memories Ml, M2, M3, or M4. To do computations in 
sequence, you can also set up any trace of A, B, C, or D for math. 

For example: you could set up Trace A as the difference between Channels 1 and 2, Trace B as the average of 
A, and Trace C as the integral of B. You could then displ^ the integral of the averaged difference between 
Channels 1 and 2. Any trace and function can be chained to another trace and function. For example, you could 
make Trace A an average of Channel 1, Trace B an FFT of A, and Trace C a zoom of B. 

Waverunner-2 math tools are available in these standard and optional packages: 



Standard 

Math 

Included with all 

Waverunner-2 

oscilloscopes 


Arithmetic 


Sum (add). Difference (subtract). Product (multiply). Ratio (divide) 


Averaging 


Summed (linear) of up to 4000 sweeps or Continuous Average 


Extrema 


envelope, floor, roof 


FFT 


East Eouiier Transform to 50000 points; Power Spectrum, Phase, 
Magnitude; All EFT Windows 


Functions 


Identity, Negation, (Sinx)/x 


Resanqile (deskew) 


Rescale 


E nhanced Resolution (E RE S) 


Extended 
Math and 
Measurement 
OPTION (EMM) 
A 11 tools in 
Standard Math 
plus: 


Functions 


Absolute Value, Derivative, Exp (base e), Exp (base 10), Identity, 
Integral, Log (base e). Log (base 10), Reciprocal, Square, Square 
Root 


Trending 

Histograms for 200 events 


WaveAnalyzer 

OPTION 

(WAVA) 

A 11 tools in 
Extended Math 
plus: 


Averaging 


Summed, or linear. Average of up to one million waveforms; 
Continuous Average 


FFT-I- 


East Eouiier Transform to one million points; EFT Average; 
Power Averaging, Power Density, Real, Real -l- Imaginary 


Histograms 


Histograms, Histogram Parameters (up to 2 billion events) 
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SET UP TO DO WAVEFORM MATHEMATICS 

After connecting your signal to a Waverunner-2 channel (Channel 1 in this example), do the following: 

1. Press ’ to select CHANNEL 1 and displ^ the Waverunner-2's basic menus. 

2. Press the soft key to 

3. Press to make Trace A a zoom of Channel 1. 

4. Press the soft key for 

— use N ath ? — i 

5. Press the soft key to select N o and display the SETUP 0 E A menus, shown next page. 





To Set Up for Math Another Way 

MATH 

TOOLS 

First. Press to display the ZOOM + MATH menus. 



Second. Select ^ of traces. 



[ — use M ath ?- 

Third. Press thescftk^ to select No 



Fourth. Follow the first three steps in the procedure above 




NOTE: A waveform 
proce^ang tide for each 
displayed trace will he shown 
in its trace iabei. ff the tide is 
missing, the math Aincdon 
caimothe done and the 
contents of the trace will 
remain unchanged. 
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USE A MATH TOOL 

Use these menus to choose and set up any math tool. As an example, select the arithmetic tool Product to 
multiply Channel 1 by Channel 2. 



SETUP OF n 



— use Math?- 

No Bags 



|H1eth Type - — ■. 



Rr ithmet ic 



Rverage 
Correlate 
Enh . Res 
Extrema 




Enables math. 



6. Press to select Arithmetic. 



7. Press to select Product 





8. Press the soft key or turn the knob to select Channel 1 
as the source trace. When using Arithmetic, this sets 
one of the two operand sources. Using other math 
types, this menu m^ be in a different position and m^ 
set the signal offset, number of sweeps, or compensate 
for any D C offset in the signal. 

9. Press the soft key or turn the knob to select the trace 
by which the source trace Channel 1 will be multiplied. 



Now go on to set up your trace as an EFT (East Fourier Transform) function (next page). 
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PERFORM AN FFT OPERATION 



Continuing from the preceding steps, set up Channel 1 for FFT. Fast Fourier Transform will convert your time 
domain waveform into a freguency domain ^ectrum similar to that of an RF spectrum analyzer di^lay But 
unlike the analyzer, which has controls for span and resolution bandwidth, with the Waverunner-2 you 
determine the FFT span using the scope's sampling rate (see Chapter 10, "Use Advanced Math Tools"). 



TIP: During FFT congjuiation, 
the FFT sign is shown below 
the grid. The congmtation can 
take a uhile on long time- 
domain records, but you can 
stop it at any tirrK Impressing 
arty hunt pand button 



Transform size N (number of input points) 
Nyguist freguency (= % sample rate) 




10. Press the soft key to select FFT from the Math Type menu. 



Spectra will be shown with a linear frequency axis running from zero to 
the Nyguist frequency. The frequency scale factors (Hz/ div) are in a 
1- 2- 5 sequence. The processing equation is displayed at the bottom of 
the screen, together with the three key parameters that characterize an 
FFT spectrum: 



Frequency increment, Af, between two successive points of the spectrum. 

These parameters are related as: Nyguist frequency = Af * N/ 2, where Af = 1/ T, and T is the duration of 
the input waveform record (10 * tim^ div). The number of output points is equal to N/ 2. 



11. Press the soft key to select Power Spectrum from the menu 



r—FFT result — i 
Phase 

Power Dens 



Rea 1 

Rea 1 + Imag 



Power ^lectriim is the signal power, or magnitude, represented on a logarithmic vertical scale: 0 dBm 
corresponds to the voltage (0.316 V peak), which is equivalent to 1 mW into 50 il. Power Spectrum is 
suitable for characterizing spectra that contain isolated peaks (dBm). 

Other FFT functions available in this menu depend on the Waverunner-2 math options installed in your 
scope (see page 77). 
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Phase is measured with respect to a cosine whose maximum occurs at the left-hand edge of the screen, at 
which point it has 0°. Similarly, a positive-going sine wave starting at the left-hand edge of the screen has a - 
90° phase. Phase is displayed in degrees. 

Power Density: Signal power normalized to the bandwidth of the eguivalent filter associated with the FFT 
calculation. Suitable for characterizing broadband noise. Power D ensity is displayed on a logarithmic vertical 
axis calibrated in dBm. It is available only with the WaveAnalyzer option for the Waveruriner-2. 

Magnitude: The peak signal amplitude is represented on a linear scale, in the same units as the input signal. 

Real, Real -t Imaginary, Imaginary: Complex result of the FFT processing in the same units as the input 
signal. These are only available with the WaveAnalyzer option. 



12. Now turn the knob to select Von Harm 



r—ujith windou— 1 

Von Hann 
DC m 



and press the soft key to select AC. 



AC forces the DC component of the input signal to zero before FFT processing, and improves the amplitude 
resolution. This is especially useful when your input has a large D C component. 

FFT windows define the bandwidth and shape of the FFT filter. (See Chapter 10, "U se A dvanced Math 
Tools," for the windows' filter parameters.) 

Von Harm (Harming) windows reduce leakage and improve amplitude accuracy But they also reduce 
frequency resolution. 

Rectarrgular windows should be used when the signal is transient (completely contained in the time-domain 
window) or you know it to have a fundamental frequency component that is an integer multiple of the 
fundamental frequency of the window. Other signi types will show varying amounts of spectral leakage and 
scallop loss when you use a Rectangular window To correct this, use another window type. 

Harrrrrrirrg reduces leakage and improves amplitude accuracy, but also reduces frequency resolution. 

Flat Top provides excellent amplitude accuracy with moderate leakage reduction, but also reduces frequency 
resolution. 



Blackman- Haiiis windows reduce leakage to a rninimum, but reduce frecjuency resolution. 



13. In the final FFT step, press the soft key to select the source trace. 

The "before" and "after" of your FFT computation is shown on the next page. 
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2 V FIC Freq 46.00 MHz 

trig only ^ — fi;PS(FFT(1)) 2 GS/s 

325mV 50Q Power Spectrum 2000 -> 500 pts 

trig only ' — Nyquist=50O MHz, AF^l.00 MHz □ STOPPED 



FFT Power Spectrum: The top grid shows the waveform in the time domain, while the bottom one 
shows it in the frequency domain, after FFT Power Spectrum has been applied. With the cursor 
measure tool (positioned here on the left-most peak of the FFT trace) you can read either the time or 
frecpiency of your waveform Trace A 's label indicates 50 MHz per division in the frequency domain. 
The memory status field beneath the grids gives other FFT information. 






T 0 move the cursor from one waveform to the other, press 



then keep turning the 



cursor 

Position 



knob until the cursor reaches the end of the waveform The cursor will junp to 
the other waveform, and the indication below the grid will display "Time" if the cursor is on the top 
waveform or "Freq" if on the FFT waveform 
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DO SUMMED AVERAGING 

Now make a Summed Average of your waveform — again, going on from the previous steps. Averaging is 
normally used to eliminate noise. 

14. Press the soft key to select Average from the Math Type menu. 



15. Press the soft key to select the type of averaging you want 



^fivqType- 



Summed 



Continuous 



. For Summed averaging, 



you specify the number of acguisitions to be averaged. Continuous averaging helps to eliminate the 
effects of noise by continuoudy acguiiing new data and adding the new waveforms into the averaging 
buffer. The averaged data is updated at regular intervals and presented on screen. You determine the 
importance of new data vs. old data by assigning a weighting factor, continuous averaging (the default 
selection) allows you to make adjustments to a system under test and to see the results right aw^. 



The Waverunner-2 starts the calculation immediately. 



16. Turn the upper knob to set the number of sweeps 



1000 

(sweeps ) 



to 4000) 



(up 



This is counted in the trace label, as shown here, at right: 



If the Continuous Average is selected, the "for" menu becomes "with. . . weighting". 
Use it to define the weight. 




(See Chapter 10, "Use Advanced Math Tools," for the difference between 
summed and continuous averaging.) 



17. Finally, press the soft key or turn the knob to select the source trace: 



oF 

Q 2 3 4 B C D 
M1 M2 M3 M4 



The type of result you can expect is illustrated on the next page. 
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: Overage (1 
10 ms 
100 mV 


—206 


sups-' 


ms 




10 mV 


DC 


20 mV 


DC 






flifiverageCl )- 



250B00 -> 250000 pts 



SETUP OF R 

I loo Mo+ \n^ 




Math Type 

Rrithmetic 



|fiveraqe| 



Enh.Res 



Extrema 



HvqType 



Continuous 



(sweeps) 



2 3 4 B C 
m M2 H3 m 

4 GS/s 
□ STOPPED 



Summed Average: N oise evident in the signal shown in the top trace has been eliminated from the 
averaged waveform on the lower grid. The calculation was stopped after 206 sweeps. The number of 
points used in the calculation is shown in the information field at the bottom of the screen. The same 
number of points means that all points were used in the calculation. 






I SSUE D : January 2002 



WR2-OM-E RevC 











Chapter Five: Use Math Toots 



Save and Recall W^forms 



Save your waveforms to internal reference memory — Ml, M2, M3 or 
M4 — or to floppy disk or the optional PC Card dot (Memory card or 
HD D ). Recall them later for further analysis. You could zoom them or 
perform more math. 

WAVE 

STORAGE 



1. Press 



and then the soft key for 



Store 

NaveForm 



NOTE: For each unit of record 
length per channel, or per zoom 
and math trace, a point can he 
stored in the waveform reference 
nwmoiiesMl, M2, M3, oi M4. 



STORE FORMS 



DO STORE 

C1->M13 



-store- 

2 
4 
B 
D 



n 

3 

n 

c 



R 1 1 d isp layedF 



-to- 



[Sl M2 M3 h4 

Fipy 



2. Use these menus to store your di^layed waveform. 






Stores the waveform, which you first select from the menu below, to the 
memory or floppy disk (also selected below). 




Selects the channel or trace whose waveform you wish to 
store. 

Selects the internal reference memory, floppy, or optional 
storage device the waveform is to be saved to. 

SeeChapter 12, "Use Waverunner-2 with PC," for 
how to save waveforms in ASCII format. 



3. Press to go back to the "W'FO RM" menus in order to recall the 
waveform you have stored. 
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4. 



Press the soft key for 



Reca 1 1 
NaveFornn 



RECfiLL N^FORM 
I — Fronn ■ 



Memories 



Fipy 



5. These menus will be di^l^ed. Use them to recall your waveform. 




Recalls the waveform from memory or portable storage device. 





Recalls the selected waveform to the selected trace (see menus below). 



r 

r 






Selects the memory in which the waveform you wish to 
di^lay is stored. 





Selects the trace on which the recalled waveform is to be 
displ^ed. 



TIP: Transfer waveform data to PC and use the data for calculations with spreadsheet or math 
software. To do tMs, save ycrar waveforms to floppy or an optional storage device in the ASCII format 
The Hhvenumer-2 can save to floppy in ASCII traces of ig) to 50000 points. You should rememher 
tlatHaveforms stored in ASCII carmot he called hack into the oscilloscope. SeeCh^terlZ "Use 
Whverunner-2 with PC. " 
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OBTAIN A WAVEFORM OR MEMORY STATUS REPORT 

Displ^ a suramaiy of the status of your channels, zoom and math functions, waveform memories, and 
di^layed traces View the settings on your vertical and horizontal controls. Check on how much memory your 
Waverunner-2 scope is using for storage of records Clear and free up memory. 



23-Dec-0O 










STATUS 1 




WAVEFORM 


D 


2 


3 


4 


Acquisition i 


Trigger date 


21-0ct-1998 


21-0ct-1998 


21-0ct-1998 


21-0ct-1998 


Systen 


t i ne 


23:50:54 


23:50:54 


23:50:54 


23:50:54 


Text & Tines 


For 


0.29 s 


0.29 s 


0.29 s 


0.29 s 


Menory Used T 


Vertical 


Scale/di V 


100 nV 


0.50 V 


50 nV 


50 nV 




OFFset 


-256 oV 


-0.25 V 


75 nV 


-75 nV 




Coupl ing 


DC50fi 


RClMfi 


RCIMU 


ACIMU 




BW-Lirnit 


OFF 


OFF 


OFF 


OFF 




Horizontal 












Scale/di V 


0.50 ns 


0.50 ns 


0.50 ns 


0.50 ns 


1 


OFFset 


10.0 K Pre 


10.0 K Pre 


10.0 % Pre 


10.0 1 Pre 


■Channel 


Scale/pnt 


0.20 ps 


0.20 ps 


0.20 ps 


0.20 ps 


Zoon+Math 


Pnts/div 


2500 


2500 


2500 


2500 


Menories 

Displayed 


Record Type 


STNGLE 


STNGLE 


STNGLE 


SINGLE 


r 


Segnents 


50 


50 


50 


50 




Sueeps 










C 


5 MS/s 
50 X 

] STOPPED 


SCOPE 

STATUS 



1. Press to show the STATUS menus 



2. Press the soft key to select WaR^efoim, then the soft key for the waveform status summary of choice. 

3. Press the soft key to select Memory Used to obtain a similar report on what you have stored and how 
much memory is available. Memories occupied by waveforms will be boxed, and empty ones indicated as 
such. You can also clear occupied memories by pressing the corresponding menu soft keys 
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Chapter Six: DocumentYourWoik 

In this chapter, see how 

To print your display using the \\hveruimer-2 internal printer 
To print or plot your di^lay with an external printer or plotter 
To create TIFF and BMP image Oles 

To store and retrieve floppy-disl^ PC Memory-card and hard-disk-card Bles 
To give custom names to your Bles and create directories 
To add or delete Ole directories 
To copy Oles Oom one portable storage device to another 
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Chapter Six 



Document YourWoik 



M^aHaidCop^ 

Make a hard copy of your displayed traces and screen data using the scope's optional internal printer. Or print 
to an external printer or plotter using the rear G PIB, RS-232-C, or Centronics port. Create TIFF and BMP 
image files with the scope and save them to floppy disk, or optional PC memory or hard disk card. 

UTILITY 



1 . 

2 . 



Press to displ^ the UTILITIE S menus 



Then press the soft key for 




to access these menus. 




Use them to make a hard copy of your screen. 



Press to select 
the optional 
internal printer, 
or another 
device to print 
or save to (see 
next page). 



TIP: Connect an external printer or plotter 
using one of the ports on the rearof your 
\\hverurmer-2 scope. Print or plot to an 
external device selected horn the "output to" 
menu. A wide range of printers and plotters 
can be used. 



Press to turn the auto-print function on or off: On 
will print a hard copy ^ter every acguMtion. 



^^1 5. Press or turn to expand the waveform and show more detail. 




6. Press or turn to select the page format. 
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2. Press the soft key to select a printer, plotter, or graphic protocol (TIFF, BMP, or 
r-pn inter 



HPGL): 



EPSON col i 
LaserJet 



DeskJet col 



DeskJet b/u 
HP 7470 



Other menus will appear according to your selection. The "plot size" and "pen number" menus appear when a 
plotter is selected. The "background" menu becomes available when a color or compressed TIFF or BMP 
graphic protocol is used. This gives you the choice between a black or white background for a screen image. 
The Waverunner-2 assigns file names automatically when copying to floppy or optional storage device (see 
page 91). 



3. 



4. 



Press the soft key for 



r-paqe Feed- 

OFF na 



to start a new page each time you perform Step 4. 



PRINT 

SCREEN 

Press to print, plot, or save a copy of the screen di^lay to a printer, plotter, or graphic protocol. 





RS-232-C printer cabling: Connect your scope to a variety of external printers using the rear 
RS-232-C port. You could also connect to PC via CPIB, and use the conputer to control a printer 
connected via RS-232-C. See Chapter 12, "Use Waverunner-2 with PC," for conputer cabling. 
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Manage Floppy or Caid Files 

Use Wavemnner-2 mass-storage utilities to create waveform files on floppy-disk, or optional PC memory card 
or hard disk card. G ive your files custom names, and create directories for them. Copy files from one portable 
storage device to another... 

UTILITY 

1. Press to displ^ the UTILITIES menus 




5. Use the menus displ^ed to format the storage medium in D 0 S and, in the case of the floppy disk, to 
select density. Or copy a machine template (an ASCII file containing binary description information) to the 
storage device. 



<9 



6. Press twice to go back to the MASS STORAGE menus. 



7. 



Press the soft key for 



Mass Storage 
PreFerences 



to di^lay the PRE EE RE NCE S menus 



These menus allow you to select the working directory, to delete directories, and access the Eile Name 
Preferences and Add New Directory menus, described on the following pages. 
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8. Press the soft key to select a directory for file storage and retrieval from the work with menu. 0 r, the 
selected directory can be deleted using the DELETE THIS DIRECTORY menu. 



9. 



Next, press the soft key for 



File Name 
Pr'eFer'ences 



to access these menus. 



CUSTOMIZE FILE NAMES 

The Waverunner-2 gives default names to your files. But you can also customize them using these menus. 



FILENfiME PREF 

SC 1 . XXX 

to be set to: 

TE0.XXX 



RESTORE 
DEFAULT NAME 



ENTER NEN 
FILE NAME 



BACKSRACE 



INSERT 



— character — 

567S9-|g|BC0EFG 
^ileTupe 1 



Channel 1 



Channel 2 



10. G ive a custom name to your waveform, setup, or harxicopy file. 



Selects the character to be modified using the character menu (below). 



Restores the file type selected in the File Type menu (see below) to its 
default name. 



Validates a newly defined name. 



Moves the cursor back a ^ace and erases the previous character in the 
file name. 



Moves the cursor forward and creates a space for the insertion of a 
character. 




Selects characters — numbers or letters— for creating the 
file name, using the knob. 





To select the channel of the file type to be customized. 



11. Press to go back to PRE EE RE NCE S menus. 



92 



I SSUE D : January 2002 



WR2-OM-E RevC 





Chapter Six: DocwneiAYourWoik 



ADD A NEWDIRECTORY 



12. Press the soft key for 



Add new 
Directory 



MEN DIRECTORY 

New Directory 
on Cord: 

DRg 



MAKE THIS 
DIRECTORY 



BACKSPACE 



INSERT 



— character — 
TSB-ASgOEFCHI 



13. Then use these menus to create a new directory for your custom-named files. 



Selects the character to be modified using the character menu (below). 



Validates the new directory. 



Moves the cursor back a ^ace and erase the previous character in the 
file name. 



Moves the cursor forward and create a space for the insertion of a 
character. 




Selects characters — numbers or letters— for creating the 
file name, using the knob. 





14. Press twice to go back to the MASS STO RAG E menus. 
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COPY FILES 

You can copy files from one portable storage device to another: from a floppy disk in the Waverunner-2 floppy 
disk drive, to a memory card or hard disk card in the scope's PC Card slot (or vice versa). 




— Uhich Files- 

Panels I 

Prints 

NaveForms 

17. Press the soft key to transfer certain types of file or all files on the storage device: 



18. Press the soft key to DO COPY 
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How Waverunner-2 Manages Mass Storage 

When you select Mass Storage Utilities from UTILITIE S, the MA SS STORA GE 
menu group gives you access to the mass-storage file system controls. The system 
supports storage and retrieval of data files to and from floppy disk in either the D OS 
1.44 MB or 720 kB format. 

The Waverunner-2 writes and reads all files to and from the floppy disk using the current working 
directory. If the new file being stored bears the same name as an existing file on the same storage 
medium, the old file will be deleted. The default name of the working directory is 
L E CROY_ 1 .D IR. This directory is automatically created when the media is formatted. If the 
media is formatted elsewhere — for instance on a PC — the directory will be created the first time 
a file is saved to the floppy disk. The maximum number of files allowed in any one directory is 
2400. 

You can change the name of the working directory to any valid DOS directory name, using the file- 
name preferences menu. A 11 working directories are created as sub-directories from the root 
directory. A s in MS-DOS, the file name can contain up to ei^t characters followed by an extension 
of three characters. 

A file is treated as: a panel setup if its extension is PNL; a waveform if its extension is a three- 
digit number; a waveform template if its extension is TPL; a hard copy if its extension is TIP, 
BMP, or PRT; and HPGL if its extension is PET. The table below shows how files are named. 




File or Directory Type 


Deeault Name 


Customized Name 


Manually stored waveforms 


Stt.nnn 

1 


xxxxxxxx.nnn 


A utomatically stored waveforms 


Att.nnn 


xxxxxxxx.nnn 


Panel files 


Pnnn.PNL 


xxxxxnnn.PNL 


Hardcopy files 


DnnmTIP 

DnnmBMP 

DnnmPRT 

DnnmPLT 


xxxxxnnn.TIP 

xxxxxnnn.BMP 

xxxxxnnn.PRT 

xxxxxnnn.PLT 


Tenplate files 


LECROYw.TPL 


Cannot be changed 


D irectory name 


LECROYl.DIR 


xxxxxxxx 


Spreadsheet 


Sttnnn.TXT 


xxxxxnnn.TXT 


MATLAB 


Sttnnn.DAT 


xxxxxnnn.DAT i 


MathCad 


Sttnnn.PRN 


xxxxxnnn.PRN 
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Key to Mass-Storage Terms 



X 


A ny legal DOS file- name character 


w 


The tenplate version number: for 
exanple for a version 2.2, the tenplate 
will be saved as LECROY22.TPL 


tt 


The trace name of Cl, C2, C3, C4, 
TA, TB, TC, TD 


TIE 

BMP 


Tagged Image Format, bitmap image files 


nnn 


A three-digit decimal secjuence number 
starting at 001 that is automatically 
assigned 


PRT 


Hard copy printer files 


PLT 


HPGL plotter or vector files 





The default notation for waveform files is Stt.nnn for manually stored files, and Att.nnn for 
automatically stored files. The characters S and A represent the two storage methods. When 
automatically generating a file name, the Waverunner-2's system uses the assigned name plus a three- 
digit secjuence number. If the assigned waveform name is already in the default 'Stt' form (such as 
SCI, STB) the name will be changed to the 'Att' form ACl, ATB and so on. All other user- 
assigned names remain as entered. 

If you select Fill and use default names, the first waveform stored will be A xx. 001, the second 
A XX. 002, and so on. The Waverunner-2 continues storing until the storage medium is filled, the file 
number reaches 999, or there are more than 2400 files in the current working directory. 

If you select Wrap, the oldest auto-stored waveform files will be deleted whenever the medium 
becomes full. The remaining auto-stored waveform files will be renamed — the oldest group of files 
will be named "Axx.OOl", the second oldest "Axx.002", and so on. 

The current secjuence number is deduced from the Waverunner-2's inspection of all file names in the 
working directory, regardless of file type — panel, hard copy, or waveform. The osdllosoope 
determines the hipest occupied numeric file-name extension of the form 'nnn', and uses the next 
hipest number as the current generation number for storage operations. When you delete a file 
generation, the Waverunner-2 deletes all files designated with the three-digit secjuence number of the 
file-name extension, regardless of file type 

The mass-storage file system indicates media size and storage availability in kbytes where 1 kbyte = 
1024 bytes. Many media manufacturers specify the available storage in Mbytes where 1 Mbyte = 1 
million bytes. This results in an apparent mismatch in specified versus actual media storage 
availability, when in fact the availability in bytes is identical. 

If the floppy's write- protect! on switch has been pushed to the active position, the Waverunner-2 
displays the message "D evioe is Write Protected" on the upper part of the grid whenever the medium 
is accessed for writing. 

See Ch^tier 12, "Use Waverunner-2 with PC," for how to transfer flies to PC. 
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pi/a\/er'ur»^er"- 

Part Two 



LOOKING DEEPER 

Part Two of the manual covers the Vtevenmner-2 features you'll use for more advanced waveform 
operations: RIS and sequence sartqrling, SMART Trigger, Advanced waveform processing 
It also looks deeper into operations already covered in Part One. 

Use Part Two as an advanced guide and a reference forrmderstanding irtqiortant functions of your 
digital oscilloscope. 



WR2-OM-E Res C 



I SSUE D : January 2002 



97 




Chapter Seven: A Question ofTimebase 

In Part One you saw how to adjust and set up timebase. Next, take a closer look at the 
V\hveninner-2 thnehase sanqiling modes. 

In this ch^ter, see how 

To choose a sangjlingmode 

To use single-shot or RIS modes 

To use sequence mode 

To sample externally 
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Chapter Seven 



A Question ofTimebase 



Choose a Sanq)]uig Mode 

D epending on your timebase, you can choose any of three sampling modes: stn^e-shot, RIS (Random 
Interleaved Sampling), or roll mode. In addition, on timebases suited to single-shot and roll, the acguisition 
memory can be subdivided into user-defined segments to give seguence mode. 



SINGLE -SHOT - WAVE RUN NER-ZS BASIC CAPTURE TECHNIQUE 

A single-shot acguisition is a series of digitized voltage values sampled on the input signal at a uniform rate. It 
is also a series of measured data values associated with a sin^e trigger event. The acguisition is typically 
stopped a defined number of samples after this event occurs: a number determined by the select^ trigger 
delay and measured by the timebase. The waveform's horizontal position — and waveform display in general 
— is determined using the trigger event as the definition of time zero. 

You can choose either a pre- or post- trigger del^. Pre- trigger delay is the time from the left-hand edge of the 
Waverunner-2 grid forward to the trigger event, while post- trigger del^ is the time back to the event. You can 
sample the waveform in a range starting weU before the trigger event up to the moment the event occurs. This 
is 1()0% pre- trigger, and it allows you to see the waveform leading up to the point at which the trigger 
condition was met and the trigger occurred. (Waverunner-2 offers up to one million points of pre-trigger 
information.) Post-trigger del^, on the other hand, allows you to sample the waveform starting at the 
ecfuivalent of 10 000 divisions after the event occurred. 

Because each Waverunner-2 input channel has a dedicated ADC (Analog- to-Digital Converter), the voltage on 
each is sampled and measured at the same instant This allows very reliable time measurements between the 
channels. 

On fast timebase settings, the maximum single-shot sampling rate is used. But for slower timebases, the 
sampling rate is decreased and the number of data samples maintained. 

The relationship between Waverunner-2 sample rate, memory and time can be simply defined as: 

1 

Capture time = x Memory , 

Sample Rate 

and 

C^turetime _. . 

= Trme/Drvrsion . 
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RIS- FOR HIGHER SAMPLE RATES 

RIS (Random Interleaved Sampling) is an acquisition technique that allows effective sampling rates higher than 
the maximum sin^e-shot sampling rate. It is used on repetitive waveforms with a stable trigger. The maximum 
effective Waverunner-2 sampling rate of 50 G S/ s can be achieved with RIS by making 100 sin^e-shot 
acquisitions at 500 MS/ s, for example. The bins thus acquired are positioned ^proximately 20 ps ^art. The 
process of acquiring these bins and satisfying the time constraint is a random one. The relative time between 
ADC sampling instants and the event trigger provides the necessary variation, measured by the timebase to 
5 ps resolution. 

It takes the Waverunner-2 30 trigger events to complete a 1 G S/ s RIS acquisition, and 230 events for a 
25 G S/ s acquisition. But sometimes the scope needs many more than this. It then interleaves these segments 
(Fig 1) to provide a waveform covering a time interval that is a multiple of the maximum sin^e-shot sampling 
rate. However, the real-time interval over which the Waverunner-2 collects the waveform data is much longer, 
and depends on the trigger rate and the amount of interleaving required. The oscilloscope is enable of 
acquiring ^proximately 40000 RIS segments per second. 



Segment 1 
Segment 2 
Segment 3 



Final c^tme 




Figure 1. Buildup of an RIS waveform 



ROLL - DISPLAY IN REAL-TIME 

The Waverunner-2 roll mode displays in real time incoming points in single-shot acquisitions that have a 
sufficiently low data rate. At timebase settings of >0.5 s/ div the oscilloscope rolls the incoming data 
continuously across the screen until a trigger event is detected and the acquisition is complete. Even when real- 
time display is not possible, the data will continue to be acquired. This works in the same way as a strip-chart 
recorder: the latest data is used to update the trace display. Waveform math and parameter ci dilations are 
performed on the completed waveforms, after the real-time di^lay has stopped. 
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SEQUENCE - WORKING WITH SEGMENTS 

In sequence mode, the complete waveform consists of a number of fixed-size segments (Fig. 2) acquired in 
single-shot mode (see Waverunner-2 ^ecifications for the limits). You select the number of segments to be 
c^tured, and can then select each segment, individually, and use it for processing with Math and Measure tools. 

Sequence offers a number of unique usabilities. With it, you can limit dead time between trigger events for 
consecutive segments. The Waverunner-2 can csture in fine detail complicated sequences of events over large 
time intervals, while ignoring the uninteresting periods between the events. You can also make time 
measurements between events on selected segments using the full precision of the acquisition timebase. 

Trigger time stamps of 1 ns resolution are given for each of the segments in the Text & Times Status menu. 
Each individual segment can be zoomed or used as input to math functions. 

The Waverunner-2 uses the sequence timebase setting to determine the c^ture duration of each segment: 

10 X time/ div. The oscilloscope uses this setting — with the desired number of segments, maximum segment 
length and total available memory — to determine the actual number of samples or segments^ and time or 
points. However, the display of tire complete waveform with aU its segments may not entirely fill the screen. 

Sequence mode can also be used in remote operation to take full advantage of the Waverunner-2's high data 
transfer c^abihty (see Ch^ter 12, "Use Waverunner-2 with PC," and the Remote Control Manual). 



Segment 1 Segment 2 Segment 2 




Figure2. How Waverurmer-2 captures segments. Seepage 105 for howto obtain a sequence status 
summary. 
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Part Two: LOOKING DEEPER 



PAIRING CHANNELS (LT374 and LT264 SERIES ONLY) 

A pair of channels can be combined on channel 2 or 3, with channels 1 and 4 disabled or available only for triggering. 
On these paired channels the maximum sampling rate is doubled and the record length is increased by two times. 

Channels ate combined to increase sample rate or memory size or both in order to c^ture and view a signal in all its 
detail. When combined, the channels (like the EXT BNC input) that are not involved in the combination remain 
available for triggering even thou^ they are not displ^ed. It is preferable to select "Automatic" to combine channels 
and have the remaining acquisition channels available for triggering The channels available for triggering only would be 
indicated by "trig only" in the Acquisition Summary Field. 

Refer to the "Acquisition Modes" table in Appendix A for maximum sample rates. 




SequBHc 



L5T2 sups 



— LST2 sups 



.2 pfi 



■ — I5TZ 



2 ps BUL 
[i .2 V SB 

.2 V SB 
.2 V MB 



Sanu La C Lock 



rn= 



LCL 0U m 



-ChannB] IJsb- 
4 S Flut ci[v) 8 f i c 



Bear'd up la 
Lrik 
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Use a Sanq)]mg Mode 

SET UP FOR SINGLE-SHOT OR RIS 

SETUP 

1. Press ■’ and access the TIMEBASE SETUP menus. 



TIMEBflSE 
T/div 1 [js 
20000 

samples at 
2 GS/s 
(500 ps/pt) 
For 10 ps 

— Samp 1 inq 

RIS 

f-Sample ClocK-^ 



Interna 1 



ECL 0V TTL 

—Channel Use— 
Q 2 Rutomatic 



— Sequence 

liiaa 0n 

p-Record up to-i 
250k 
samples 



2. Use these menus to set up the Waverunner-2 timebase for Sin^e-Shot or 
RIS 



Selects Sngle-Shot for display of data collected during successive 
sin^e- shot acquisitions from die input channels, or RIS for a higher 
sampling rate with a repetitive input signal and stable trigger. 

a Selects from an internal or external clock source. See page 106 for 
external clock. 



Sets the manner in which channels will be interleaved. Select 4 if you 
have a signal on each channel; there is no interleaving in this case. 
Select 2 if you want two channels combined onto either channel 2 or 
channel 3. Select Automatic to have the Waveruner-2 configure itself 
to achieve the maximum sample rate and record length, considering 
the channels used. 




Switches Sequence mode On or Off. Use the knob to 
choose the number of segments. See nect page. 




Selects the maximum number of samples to be 
acquired, using the menu knob. 
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SET UP FOR SEQUENCE CAPTURE 



TIMEBfiSE 

T/d iv .1 [js 

50 # 2000 
samples at 
2 GS/s 
(500 ps/pt) 
For 1.0 ps 

—Samp 1 inq — 



f-Sample ClocK-^ 



Interna 1 



ECL 0V TTL 

—Channel Use— 
Q 2 Rutomatic 



— Sequence 

50 segments 
0FF EB 
r—Max. segment-! 
5M 

samples 



3. Activate sequence mode using the Sequence menu and then use these 
menus to do sequence sampling. 



SCOPE 




TIP: Press and select "Text and Times" to djtain a status 

report on a trace or memory's sequence segrrmit range. 




Selects Sngle-Shot for sequence sampling 




Selects Internal or external — ECL, OV, TTL — dock modes. Select 
internal unless you are using an ©eternal dock signal (see page 106). 

You can select a time-out for sequence mode using the UTILITIES, 
Special Modes, and Timebase Trigger menu. 




Turns Sequence On or Off. When you sdect On, turn the 
knob to set the number of segments (periods) of the 
waveform to be di^l^ed. 




Selects with the knob the maximum record length, in 
samples, for each sequence segment. 



NOTE: In sequence mode: Press the SINGLE button and the Uhverunner-2 will OU the chosen 
number of segments and then stop c^turing But if there are not enough trigger events to Oil the 
segments, the Uhverurmer-2 will not stop capturing until you press STOP If you press NORMAL 
the segnwnts will be Med and the data processed and displayed. Then, if rrwre trigger evmts occw; 
die Whverurmer-2 will restart capturing 6om the Best segment When you press AUTO, c^turing 
will also be restarted hum the Srst segment if the tirm between two consecutive triggers exceeds a 
selected time-out 

However, avoid ary urmecessary button pushing and knob turning in Sequence mode. 
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OBTAIN A SEQUENCE STATUS SUMMARY 

Display? a summary of the status of your sequence acquisition. 



SCOPE 

STATUS 



PRINT 

SCREEN 



4. Press to show the STATUS menus 

5. Press the soft key to select Tert & T imes. 



TIP: Press to document your status summary 

and make a hard copy Printing (and storage) 
operations will include undisplayed text 



29-Dec-00 STfiTUS 

6:40:28 

For 

waveFonm 

1 

Segment Time since Segment 1 between Segments 



flcqu is it ion 
System 



NeveFonm 
Memory Used 



1) 29-Oec-2000 06:39:43 

2) 29-Dec-2000 06:39:43 

3) 29-Dec-2000 06:39:43 

4) 29-Dec-2000 06:39:43 

5) 29-Dec-2000 06:39:43 

6) 29-Dec-2000 06:39:43 

7) 29-Dec-2000 06:39:43 

8) 29-Dec-2000 06:39:43 

9) 29-Dec-2000 06:39:43 

10) 29-Dec-2000 06:39:43 

11) 29-Dec-2000 06:39:43 

12) 29-Dec-2000 06:39:43 

13) 29-Dec-2000 06:39:43 

14) 29-Dec-2000 06:39:43 

15) 29-Dec-2000 06:39:43 

16) 29-Dec-2000 06:39:43 

17) 29-Dec-2000 06:39:43 

18) 29-Oec-2000 06:39:43 

19) 29-Oec-2000 06:39:43 

20) 29-Oec-2000 06:39:43 



65.056 ps 
109.738 ps 
149.811 ps 
185.491 ps 
226.629 ps 
261.614 ps 
304.861 ps 
340.628 ps 
381.678 ps 
415.880 ps 
453.930 ps 
489. 176 ps 
526.052 ps 
562.427 ps 
596.498 ps 
633.439 ps 
666.488 ps 
702.560 ps 
735.305 ps 



44.683 

40.073 

35.680 

41.138 

34.985 

43.247 

35.767 

41.050 
34.202 

38.050 
35.245 
36.876 
36.376 

34.071 
36.941 
33.049 

36.072 




32.745 ps 

□ STOPPED 



Press the SCOPE STATUS button for a full status summary of your sequence acquisition. Use the 
Select segment menu and its soft key and knob to scroll down the segment list. 
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Part Two: LOOKING DEEPER 



OR SAMPLE EXTERNALLY 



TIMEBfiSE 
EXTERNAL 
4 M 

samples at 
500 kS/div 



Use an external clock at a fixed frequency (see Appendix) to control and 
synchronize the sampling with an external signal source connected to the 
Waverunner-2 rear EXT signal input 





-Sample ClocK' 
Interna 1 
0V TTL 




— Sequence— 

liiaa 0n 

Record — 

5M 

samples 



This menu is inactive when the external sample clock is being used. 
Sngle-9iot is selected by default 

Specifies the effective threshold for sampling the EXT input: 1.3 V 
with ECL, 0.0 V with OV, or +1.5 V widi TTL selected. 




Turns Sequence On or Off. Use the knob to set the 
number of segments. 




Selects with the knob the maximum record length, in 
samples, for each segment 



NOTE: External clock modes aw available only if theEXT biggeris not the biff^rsowce. Trigger 
time stamps and the AUTO sequence time-out featuw aw unavailable nhen you use an external 
clocksignal. And inter-segment d^d time is not guaranteed. 

External clock bmefdiv is expressed in samples per division, as is the trigger del^, uhich can be 
adjusted normally. No attempt is made to measuw the time difSswnce between the trigger and the 
external clock so successive x^uisibons of the sarrw signal can ^pear to jitter on the screen The 
\ihverunner-2 requires a rrumberof pulses to recognize the external clcKk signal. It stops c^turing 
only when die trigger conditions have been satisGed and the appmpriate rrumberof data points have 
been accumulated. Any adjustment to the TIME/ DTV knob automatically wtums the scope 
to normal (internal) clock operation 



W 
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BLANK PAGE 
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Chapter Eight: Trigger Sknait 

More about E dge triggering. And introducing the SMART Trigger range for capturing 
cortgilex waveform characteristics. 

In this ch^ter, see how 

To hold off with Edge Trigger 

To c^tiae rare phenomena with Glitch trigger 

To ^ up an occlusion trigger 

To determine trigger levd, empling and slope 

To trigger on intervals 

To use Sate and Edge QuaMed trigg&es 

To trigger on lost signals using Dropout trigger 

To trigger on TV signals 

Pattern Trigger 
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Chapter Eight 



Trigger^nait 



Hold Off by Time or Events 

Holdoff is an additional condition of Edge trigger (see Chapter 2, "Simply Trigger" ). It can be expressed 
either as a period of time or an event count. Holdoff disables the trigger circuit for a given period of time or 
events after the last trigger occurred. Events are the number of occasions on which the trigger condition is 
met. The trigger will again occur when the holdoff has elapsed and the trigger's other conditions are met. Use 
holdoff to obtain a stable trigger for repetitive, composite waveforms. Eor example, if the number or duration 
of sub-signals is known you can disable them by choosing an appropriate holdoff value. Qualified triggers 
operate using conditions similar to holdoff (see page 122). 

HOLD OFF BY TIME 

Sometimes you can achieve a stable display of complex, repetitive waveforms by placing a condition on the 
time between each successive trigger event. This time would otherwise be limit^ only by the input signal, the 
coupling, and the Waverunner-2's bandwidth. Select a positive or negative slope, and a riiiriimum time between 
triggers. The trigger is generated when the condition is met after the selected holdoff time, counted from the 
last trigger (Eigl). Any time between 10 ns and 20 s can be selected. The delay is initialized and started on each 
trigger. 

Trigger Source: Positive Slope 

Trigger Trigger Trigger 




Trigger can occur 




Generated T rigger 




Figure 1. E dge Trigger with Holdoff by Tima The bold edges on the trigger source indicate that a 
positive slope has been selected. The broken upward-pointing arrows indicate potential triggers, vdiidr 
would occur if other conditions are met. The bold arrows indicate where the triggers actually occur 
when the holdoff time has been exceeded. 
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HOLD OFF BY EVENTS 

Select a positive or negative slope and a number of events An event is the number of times the trigger 
condition is met after the last trigger. A trigger is generated when the condition is met after this number, 
counted from the last trigger. The count is initialized and started on each trigger. For example, if the selected 
event number is two (Fig 2), the trigger will occur on the third event. From one to 99 999 999 events can be 
selected. 



Trigger Somce: Positive Slope 



Trigger Event Event 

Event #1 #2 



Trigger Event Event Trigger 

Event #1 #2 Event 



Trigger can occur 



^ Hold- off by 2 events -► 




A 


^ Hold- off by 2 events -► 







GeneratBd Trigger 



Trigg^’ initiates 
hold-off timer! 



L__T 



Trigger 

initiates 

hold-off 

timer 



Figure 2. E dge Trigger with Holdoff by Events (in this exanple, two events). The bold edges on the 
trigger source indicate that a positive slope has been selected. The broken, upward-pointing arrows 
indicate potential triggers, vdiile the bold ones show vdiere triggers actually occur after the holdoff 
expires. 
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Trigger SMART 

You have seen how to trigger on signals using Edge trigger, and the conditions of level, coupling and slope, 
and holdoff. The Waverunner-2 also offers a range of sophisticated triggers that enable you to trigger on these 
conditions, as well as many other complex waveform characteristics. Use the SMART Trigger range to set 
additional gualifications before a trigger is generated. Catch rare phenomena such as pitches or spikes, specific 
logic states, or missing bits Capture intervals, abnormal signals, or TV signals. Trigger on state or edge gualified 
events and dropouts. 

CATCH A GLITCH 

Finding and capturing elusive pitches — abnormally wide pulses in a signal — is simple with the G litch trigger. 

1. Connect your signal to the Waverunner-2. 

2. Simultaneously press the second and fifth menu soft keys and ’ to return the scope to its default 
power-up settings Turn off any unwanted di^layed trace. 



3. 



Press the soft key for 



Coupl ing 



and set Coupling to match the source signal's impedance. 



AUTO STOP 

SETUP 

4. Press |B| and then to display a normal waveform. Viewing this signal during several captures 
would reveal the occasional glitch. The goal of the measurement is to catch this event by setting a trigger 
adapted to it. 



5. 



Press TRIGGER 



SETUP 



and then the soft key to select 



Edge 

(Glitch) 



6 . 



Press the soft key for 



SETUP SMfiRT 
TRIGGER 



and di^lay these menus: 
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SMfiRT TRIGGER 
tL|p e 

Interva 1 

TV-Pos 

TV-Nag 

QualiFied ' 

— trigger on— ^ 

12 3 A Ext I 

Pattern 

— cplg ExtlG— 

□G Eg 

LFREJ HFREJ 

— at end gF — 
Pgs 
pulse 

width <— 

12.5 ns 
OFF Eg 

— £ width >■ 

2.5 ns 

OFF ma 



Use these menus to set up to trigger on a glitch, or to create an exclusion trigger 
(see page 115). 



7. Select Glitch to catch pulses of a chosen width. Capture narrow 
pulses less than or equal to, or greater than or equal to, a given 
time limit: the pulse's width. You can also set up to exclude or 
include certain events (see page 115). 



Select the trigger source. This could be a signal on a channel, the 
line voltage that powers the Waverunner-2 or the EXT connector. 



9. Select the coupling for the trigger source. 



10. Place the trigger point at the end of a positive or negative slope. 
See NOTE this page. 



11. Press the soft key to set to On and to trigger if the 
pulse is less than or equal to the value set with the 
knob (range: 2.5 ns to 20 s). Use in combination 
with "width >" below. 

12. Press the soft key to set to On and to trigger if the 
pulse is greater than or equal to the value set with 
the knob (range: 2.5 ns to 20 s). Use in combination 
with "width <," combined to target pitches within 
("&") a certain range if the "width <" value is 
greater than the "width >" value. "OR" in the menu 
indicates that glitches above or below this range will 
be targeted. 





NOTE: The Waveninner-2 must Sist "see" 
tile pulse before it can tellits widtiiandknow 
exactly when to bigger. If the glitch on which 
you want to trigger is on a negative pulse, 
choose "Pos" bom the at end of menu. But if 
the glitch is on a positive pulse, 
choose "Neg" 







TIP: Use Persistence to reveal the gbtch shape, 
then match the trigger level to the level at 
which the glitch spears. 




13. Press to arm the scope. Then wait for the trigger condition to become valid. See next page. 
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Trigger on a ^itdi of width < 5.0 ns on the negative slope Here, the ^itch is marked by arrow 
cursors on the waveform. Trace A on the lower grid is a zoom of the waveform on the top grid. 
Information on the trigger is given beneath the grid. 



NOTE: If, for example, the ^tch's width is lower than the signal's, set the tdgger to a smaller width 
dan that of da signal. The signal's width as deteimmed by the Waverunner-2 tdgger comparator 
depends on the DC trigger level. And if that level were to be set at the middle of a sine wave, for 
example, the width could then be considered as the half period. Butif the level were hi^er, the 



sigral's width would be considered to be less than the half period. 



I 

I 

II 
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How Glitch Trigger Works 

Pulse smaller than selected pulse width: Select a maximum pulse width 
(Fig. 3). This ^itch trigger is generated on the selected edge vdien the pulse width is 
less than or egual to the selected width. 

The timing for the width is initialized and restarted on the opposite slope to that selected. Widths of 
between 2.5 ns and 20 s can be selected, but typically triggering will occur on pitches 2 ns wide 




Trigger Source 



Glitch 

^WidthT^ 




< — ► 




Glitch 



Width 

T rigger can occur 









^ W 

Width 




^ w 

Width 



Sdecbed Sdecbed 



Generated T rigger 

▲ 



Figure 3. Glitch Trigger: in this exanple triggering on a pulse width less than or egual to the width 
selected. The broken upward arrow indicates a potential trigger, while the bold one shows where the 
actual trigger occurs. 
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CAPTURE RARE PHENOMENA 

Use glitch trigger settings to select width conditions that exclude events falling inside or outside of a selected 
width lunge. 0 nly pulses less than or egual to, or greater than or egual to, this lunge will generate a trigger 
event. The Waveruriner-2 initializes the timing for the width and restarts on the slope opposite the selected 
edge. You can select the same width values as those for ^itch trigger. 

1. Connect to Channel 1, for example, a signal whose multiple glitches have a low duty cycle and that cannot 
be seen using E dge trigger or Analog Persistence. 



2 . 



Press the soft key for 



Coupl ing 



and set Coupling to match the source impedance. 



AUTO STOP 

SETUP 

3. Press |H| and then to display a normal waveform. Viewing this signal during several captures 
would reveal the occasional glitch. The goal of the measurement is to catch this event by setting a trigger 
adapted to it. 



4. 



Press TRIGGER 



SETUP 



and then the soft key to select 



Edge 

(Glitch) 



5. 



Press the soft key to 



SETUP SMfiRT 
TRIGGER 



to di^l^ and set up the G litch trigger menus. 



Set up the trigger to eliminate nominal pulses of a particular width. The Waverunner-2 will then only trigger on 
those waveforms that do not have this pulse width. 

6. Press the soft key to select 1 from the "trigger on" menu. 

LEVEL 

A 

7. Turn •• to adjust the trigger's level to one division from the top of the pulse, for example. 

8. Press the soft key to select Pos from the "at end of " menu, and On from the "width <" menu. 

9. Turn the knob to set the "< width" value. 

10. Press the soft key to select On from the "width >" menu, and turn the knob to set the > width value. 
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^ DELAY ^ 



11. Turn 



to set the trigger point close to mid-grid. 



NORMAL 

12. Press to start triggering. 



TIP: Use Analog Persistence to display a 
histoiy of your exertional pulse 
captures, such as the one at tight 

Enhance your display still further by 
combining Exclusion tti^erwith 
Pass^ Eail testing The bigger speeds the 
acquisition of exceptioml pulses, while 
the mask testing verities tire waveshape. 

Store the waveform or print the screen 
display to document each pulse 
individually. 

Display waveform pararr^er statistics 
under tire grid for additional information 
on the key waveform parameters of these 
pulses. Use this new information to 
change the trigger setigr to concentrate on 
acquiring pulses with more spedtic 
characteristics. 
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Exclusion trigger: Persistence display. 
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To Determine Level, Coupling, and Slope 

Level defines the source voltage at which the trigger circuit will generate an event 
(a change in the input signal that satisfies the trigger conditions). The selected 
trigger level is associated with the chosen trigger source 

Trigger level is specified in volts and normally remains unchanged when you change the vertical gain 
or offset. The anplitude and range of the trigger level are limited as follows: 

+5 screen divisions with a channel as the trigger source 

+0.5 V with EXT as the trigger source 

+5 V with EXT/ 10 as the trigger source 

None with LINE as the trigger source (zero crossing is used) 

Coupling refers to the type of signal coupling at the input of the trigger circuit. A s with the 
trigger level, you can select the coupling independently for each source Change the trigger source and 
you may change the coupling. You can choose from these coupling types: 

DC: A 11 the signal' s frecjuency components are coupled to the trigger circuit for hi^-frecpiency 
bursts or where the use of A C coupling would shift the effective trigger level. 

AC: The signal is capadtively coupled; DC levels are rgected and frecpiendes below 50 Hz 
attenuated. 

LF REJ: The signal is coupled throu^ a capadtive hi^-pass filter network, D C is rejected 
and signal frecpiendes below 50 kHz are attenuated. Eor stable triggering on medium to hi^ 
frecjuency signals. 

HF REJ: Signals are D C coupled to the trigger drcuit, and a low- pass filter network 
attenuates frecpiendes above 50 kHz. It is used for triggering on low frecpiendes. 

Slope determines the direction of the trigger voltage transition used for generating a particular 
trigger event. You can choose a positive or negative slope Like coupling, the selected slope is 
assodated with the chosen trigger source 
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TRIGGER ON INTERVALS 

While G litch trigger performs over the width of a pulse, Interval trigger performs over the width of an interval 

— the signal duration (the period) separating two consecutive edges of the same polarity: positive to positive or 
negative to negative. Use Interval trigger to capture intervals that fall short of, or exceed, a given time limit. In 
addition, you can define a width range to capture any interval that is itself inside or outside the ^ecified range 

— an Exclusion trigger by Interval. 



SMfiRT TRIGGER 



type 1 

Glitch i 



Interva 1 



TV-Pos 

TV-Nag 

QualiFied ' 




Ext 10 



Pattern 



— cplg Extl0— 

□G Eg 

LFREJ HFREJ 

b etujeen 

Meg 

edges 

— interval <— i 

57.5 ns 
GFF Eg 

interval 

22.5 ns 
GFF gg 



Use these menus to set up for triggering on an interval. 



^^^1 1. Select Interval. 



2. Select the trigger source. 



3. Select the coupling for the trigger source. 




Place the trigger point on the positive or negative edge of the 
selected pulse. 




5. Select On to trigger if the pulse is less than or equal 
to the value set with the knob (range: 2.5 ns to 20 s). 
Use in combination with "width >." 




6. Select On to trigger if the pulse is greater than or 
equal to the value set with the knob (range: 2.5 ns to 
20 s). Use in combination with "width <," combined 
to target intervals within ("&") a certain range if the 
"width <" value is greater than the "width >" value. 
OR in the menu indicates that intervals above or 
below this range will be targeted. 
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How Interval Triggers Work 

Interval Smaller: For this Interval Trigger, generated on a time interval smaller 
than the one selected, choose a maximum interval between two like edges of the 
same slope — positive, for exanple (Fig. 4). 

The trigger is generated on the second (positive) edge if it occurs within the selected interval. The 
Waverunner-2 initializes and restarts the timing for the interval whenever the selected edge occurs. 
You can select an interval of between 10 ns and 20 s. 




Trigger Source: Positive Slope 



< Interval Width. 



Interval 

Width 



Trigger can occur 



Selected 




Selected 


^ Interval ^ 




^ Interval ^ 



Generated Trigger 

▲ 



Figure 4. Interval Trigger that triggers vdien the interval width is smaller than the selected interval. 
The broken, upward-pointing arrow indicates a potential trigger, while the bold one shows where the 
actual trigger occurs — on the positive edge within the selected interval. 
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Interval Larger: For this Interval Trigger, generated on an interval larger than the one selected, 
select a minimum interval between two edges of the same slope (Fig. 5). The Waverunner-2 generates 
the trigger on the second edge if it occurs after the selected interval. The timing for the interval is 
initialized and restarted whenever the selected edge occurs. You can select intervals of between 10 ns 
and 20 s. 



Trigger Source: Positive Slope 



< Irteval Width. 



Inbarval 

Width 



Trigger can occur 



Sdedfid 




Sdecbad 


^ Irteval ^ 




^ Inbarval ^ 



Generated Trigger 

A A 



Figure 5. Interval Trigger that triggers wlien the interval width is larger than the selected intawal. 
The broken upward-pointing arrow indicates a potential trigger, while the bold one shows where the 
actual trigger occurs — on the positive edge after the selected interval. 



120 



I SSUE D : January 2002 



WR2-OM-E RevC 




Chapter Eight: Tngffer^nart 



Interval Between Range:Vi^ Interval Trigger is generated whenever an 
interval between two edges of the same slope falls within a selected range (Fig 6). 
The Waverunner-2 initializes and restarts the timing for the interval whenever the 
selected edge occurs. You can select intervals of between 10 ns and 20 s. 




T rigger Source: Positive Slope 



< Intaval Width 



Irteval 

Width 



T rigger can occur 



0 



◄-Ran^>- 






◄-Ran^>- 



T1 T2 0 T1 T2 



Generated Trigger 

▲ 



Figure 6. Interval Trigger that triggers when the interval falls within the selected range: 

T1 =range's lower time limit; T2=range's upper limit. The broken upward pointing arrow indicates a 
potential trigger, while the bold one indicates where the actual trigger occurs — on the positive edge 
within the selected range 
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QUALIFY A SIGNAL 



Use a signal's transition above or below a given level — its validation — as an enabling (qualifying) condition 
for a second signal that is the trigger source. These are Qualified triggers. With State Q unified trigger, the 
amplitude of the first signal must remain in the desired state until the trigger occurs. While for Edge Qualified 
trigger the validation is sufficient and no additional requirement is placed on the first signal. A Qualified trigger 
can occur immediately after the validation or within a set time after it. Q r it can occur following a 
predetermined time del^ or number of potential trigger events. The time delay or trigger count is restarted 
with every validation. 



SMfiRT TRIGGER 



type 1 

TV-Pos i 

TV-Neq I 



Qua 1 iP ied 



Dropout 

Pattern 



State 
I (qualiPier) 

r trigger on— i 

2 3 4 Ext 



Ext 10 



— aPter 

10 3 4 

Pattern 
■has gone — ■, 



Rbove 



0.996 V 




within 

130.0 ns 
OFF IE T> Evs 



Use these menus to set up an Edge or State Qualified trigger. 




Select Qualified. 




Select Edge or State as the qualifier. (Set conditions such as the 
coupling, slope, and holdoff using the Edge trigger menus.) 




Select the trigger source. This could be a channel, EXT, or 
EXT 10. 




Select the qualifier source. If you select Pattern, you must first 
have set up the pattern using Pattern trigger (see page 130). 




5. Turn to adjust the qualifier threshold, and press to 
determine whether the qualifier signal is viid once it 
"has gone" (Edge Qualified) or "goes and st^" 
(State Qualified) above or below that threshold. 




6. Specify the time limit ("within" T <) for accepting 
the trigger event. Q r, specify the delay in time 
("wait" T>) or number of trigger events ("wait" 

Evs) after a valid transition has occurred. A trigger 
can only be accepted after this delay. Any subsequent 
qualifier event restarts the count. The time value can 
be set in the range 10 ns- 20 s. The trigger event 
coimt can be set in the range 1-99999999. 
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How Qualified Triggers Work 

State Qualified and Wait (Fig. 7) is determined by the parameters of Time or 
E vents. 

Time determines a delay from the start of the desired pattern. A fter the delay (timeout) and vdiile 
the pattern is present, a trigger can occur. The timing for the delay is restarted vdien the selected 
pattern begins. 

Events determines a minimum number of events of the trigger source A n event is generated viien a 
trigger source meets its trigger conditions. On the selected event of the trigger source and while the 
pattern is present, a trigger can occur. The count is initialized and started whenever the selected 
pattern begins, and continues while the pattern remains. When the selected count is reached, the 
trigger occurs. 




Trigger Source: Positive Slope 




Figure 7. State Qualified and Wait: Trigger after timeout. The broken upward pointing arrows 
indicate potential triggers, while the bold arrows show where the actual triggers occurs. 
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Edge Qualified and Wait (Fig. 8) is also conditioned by either Time or Events: 

Time determines a delay from the start of the desired pattern. After the delay (timeout) and before 
the end of the pattern, a trigger can occur. The timing for the delay is restarted when the selected 
pattern begins. 

Events determines a minimum number of events for the trigger source A n event is generated when 
a trigger source meets its trigger conditions. A trigger can occur on the selected event of the trigger 
source and before the end of the pattern. The count is initialized and started whenever the selected 
pattern begins. It continues while the pattern remains. When the selected count is reached, the trigger 
occurs. 



Trigger Source: Positive Slope 



Qualifien Pattern Present 



Trigger can occur 



Sdoted 




Sdecbad 


^ TirtE 





^ Time 



Generated T rigger 

▲ A 



Figure 8. Edge Qualified and Wait: Trigger after timeout. The broken upward pointing arrows 
indicate potential triggers, while the bold ones show where the actual trigger occurs. 
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TRIGGER ON LOST SIGNALS 

Use Dropout trigger whenever your signal disappears for a set period of time. The trigger is generated at the 
end of the timeout period following the "last" trigger source transition (Fig 9, page 127). Timeouts of between 
25 ns and 20 s can be selected. Dropout trigger is used essentially for single-shot applications — usually with a 
pre- trigger delay. 

1. Connect the signal to be measured to Channel 1. 



2 . 



Press the soft key for 



Coupl ing 



and set Coupling to match the source impedance. 



AUTO 

SETUP 

3. Press |HI t™ce to displ^ the waveform. The following steps set the D ropout trigger to capture only the 
"last normal" period of the signal and transient signal. 



4. 



Press TRIGGER 



SETUP 



and then the soft key to select 



Edge 

(Glitch) 



5. 



Press the soft key for 



SETUP SMfiRT 
TRIGGER 



to di^lay the menus shown on the next page. 
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SMfiRT TRIGGER 

type 1 

TV-Neg i 

QualiFied I 




Pattern 

Runt 



Trigger aFter 
timeout, iF 
NO edge 

— occurs on — 

D 2 3 4 Ext 

Ext 10 



, — with slope— I 
Positive 




-within — 
25 ns 
(timeout ) 



oF previous 
edge 



Use these menus to set up the Dropout trigger. 



6. Select Dropout 



TIP: Use Drcqx)ut Trigger when viewing signals on wow than 
one chaiuiel (you can view the signal characteristics on a charmel 
other than the trigger source). To trigger the scope when a sigrtal 
disappears, make the timeout longer than the signal period. The 
\\hvemrmer-2 will not bigger when the wpetitive signal is active, 
because two successive edges occur in a single period. 




1 . Select the trigger source. 



8. Select the slope. 




9. Turn to set the timeout (25 ns by default). 




10. Turn 




> 



to set the trigger point to allow displ^ of the signal's "last normal" period. 



When the signal disappears, the Waverunner-2 triggers. 
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How Dropout Trigger Works 




Trigger Source 




Figure 9. Dropout Trigger: occurs when the timeout has expired. The bold upward-pointing arrows 
show where the trigger occurs. 
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TRIGGER ON TV SIGNALS 



The Waverunner-2's TV triggers provide stable triggering on standard or custom composite video signals Use 
them on PAL, SECAM, or NTSC systems. A composite video signal on the trigger input is analyzed to provide 
a signal for the beginning of the chosen field — "any," "odd," or "even" — and for a signal at the beginning of 
each line. The field signal provides the starting transition, and the beginnings of line pulses are counted to 
allow the final trigger on the chosen line. Each field, the number of fields, the field rate, interlace factor, and 
nirmber of lines per picture must be specified — althou^ there are standard settings for the most common 
types of TV signals. TV Trigger can also function in a simple any-hne mode. 



SMfiRT TRIGGER 

type 1 

Glrtch i 

Interval I 



TV-Pos 



TV-Neg | 

QualiFied f 

p- TV signal on-^ 

0 2 3 4 Ext 

Ext IB 

r-tt oF Fields— 1 

1 s 

4 8 

TV type 

Standard 



Gusto 



as 

L ine/Hz/Int-’ c 
G25/GB/gW 

— trigger on— i 
Line 

ssn 



Use these menus to set up a TV trigger. 




Select TV-Pos or TV-N eg polarity. 



2. Select the trigger source. 



3. Specify the number of fields or define the field number.. 




Select Standard or Custom TV decoding. 




5. Standard: Select either 625/ 56/ 2:1(PAL, SECAM) or 
525/ 66/ 21 (NTSC) standard. Custom Specify the 
number of lines and cycles, and set the intalacing 
factor for non-standard TV signals 




6. D efines the line on which to trigger. Keep turning 
the knob counterclockwise to count down to any, 
which allows you to trigger on any line number. 



Line Field 
314 g 



A turn of the knob clockwise also di^l^s a "Eield" 
number. You can change it by pressing the soft key 
to move the cursor to "Eield," then turning the knob 
to select the desired field. The Eield count depends 
on the "# of fields" selection above. 
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To Use tv Triggers 

Most TV systems have more than two fields. The Waverunner-2's enhanced field 
counting capability (FIE LD LOCK) allows you to trigger consistently on a chosen 
line within a signal field. 

The field numbering system is relative the oscilloscope will trigger on 1, 2, 4, or 5 fields. 

625/50/2:1 (PAL and SE CAM systems): Use for most of the standard 50-field signals. The 
lines can be selected in the range 1 to 626 where line 626 is identical to line 1. 

525/60/2:1 (NTSC systems): Use for standard 60-field NTSC signals. The lines can be 
selected in the range 1 to 1051, where line 1051 is identical to line 1. 

?/ 50/ ?, ?/ 60/ ?: For maximum flexibility, no line-counting convention is used. The line count 
should be thou^t of as a line- synchronizing pulse count. It includes the transitions of the 
ecjualizing pulses. In certain extreme cases, the field transition recognition will no longer work, and 
only the "any line" mode will be available. 

The enhanced field counting capability cannot be used for RIS aoguisitions. 
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PATTERN TRIGGER 

Pattern Trigger enables triggering on a logical combination of the five inputs CH 1, CH 2, CH 3, CH 4, and 
EXT. This combination, called a pattern, is defined as the logical AND of trigger states. A trigger state is either 
high or low: high when a trigger source is greater than the trigger level (threshold) and low when less than it. 
For example, a pattern could be defined as present when the trigger state for CH 1 is high, CH 2 is low, and 
EXT is irrelevant (X or don't care). If any one of these conditions is not met, the pattern state is considered 
absent. Holdoff limits from 10 ns to 20 s or from 1 to 99999999 events can be selected. 



SMfiRT TRIGGER 

type 1 

QualiFied I 
Dropout I 



Pattarn 



Runt I 

SIbuj Rata f 

ptriggar on — ■. 
Exiting 



Entan in 



r-Pattenn ujith-i 

D 2 3 4 Ext 



—coupling 1 — 

EE RC 

LFREJ HFREJ 

level 

-0.56 V 
I H X 
ho IdoFF 

033 Time Evts 



1. Select Pattiem. 



2. Choose whether to trigger when a waveform enters or exits the 
pattern. 

3. Select each channel, and set the coupling, logic level, and voltage 
for each. See below. 



4. Set the coupling for the channel selected in "Pattern with" above. 




5. Set the logic level and voltage for the channel selected 

in "Pattern with" above: high (H), low (L), or don't 
care (X). 




6. Use the soft key to select Time or Evts. Turn the 
knob to set a value from 10 ns to 20 s, or from 1 to 
99999999 events. 
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Pattern Applications 

Pattern Trigger can be used in digital design for the testing of complex logic inputs or data transmission buses. 







Threshold 








High 


CH 1 




I 












Low 







Threshold 








High 


CH2 












I 1 Low 



Pattern 1H*2L 







\ 




Generated Trigger. (Pattern Entering) 


\ 


j 


\. i 
''•4 


^ I \ i 


i. I i 

I 

I 


k / 



Generated Trigger (Pattern Exiting) 



i 


k i 


^ i 


k/ 




•k' 


► 


► 



Pattern Trigger: Triggers when aii pattern conditions are met. Boid arrows pointing 
upward show where triggers occur, information summarizing the pattern setup is 
dispiayed. 



rEnten lHi»3H»4L*EL 
1 DC 1.004 V 


E 


AC 500 mV IMQ^ 


^3 AC 2.49 V 


4 


AC 2.50 V 
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IVkie About PattemTiigger 

Once the pattern is defined, one of two transitions can be used to generate the trigger. When the pattern begins, called 
fflteingthe pattern, a trigger can be generated. Alternatively, a trigger can be generated when the pattern ends, called 
edtingthe pattern. 

With pattern triggering, as in sin^e source, either of these qualifications can be selected: Holdoff for 10 ns to 20 s, or 
Holdoff for up to 99 999 999 events. 

When set to Pattern Trigger, the oscilloscope alw^ checks the logic AND of the defined input logic states 
However, with the help of de Morgan's theorem, the pattern becomes far more generalized. 

Consider the important example of the Bi-levd or Window Pattern Trigger. Bi-level implies the expectation of a 
sin^e-shot signd's going in either direction outside a known amplitude range. To set up a Bi-level Pattern trigger, 
connect the signal to two inputs: Channels 1 and 2, or any other pair that can be triggered on. For example, the 
threshold of CH 1 could be set to -I- 100 mV and that of CH 2 at -200 mV. The Bi-levd Trigger will occur if the 
oscilloscope triggers on CH 1 for any pulse greater than -1-100 mV, or on CH 2 for any pulse less than - 200 mV. For 
improved precision, the gains of the two channels should be at the same setting 

In Boolean notation we can write: 

Trigger = CH 1-rCH 2 

that is, trigger when entering the pattern CH 1 = hi^ 0 R CH 2 = low 
By de Morgan's theorem this is equivalent to: 

Trigger = CH1CH 2 

that is, trigger when exiting the pattern CH 1 = low AND CH 2 = hi^. This configuration can be easily 
programmed. 

The possibility of setting the threshold individually for each channel extends this method so that it becomes a more 
general Window Trigger: in order to trigger the input pulse amplitude must lie within or outside a given arbitrary 
window 

Pattern Trigger has been designed to allow a choice of the trigger point By choosing 1L*2H ataing the trigger will 
occur at the moment the pattern 1L*2H becomes true. 
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RUNT TRIGGER 

This trigger is available with the optional Advanced Trigger Package. 



SMRRT TRIGGER 



type 

QualiFied I 

Dropout 

Pattern 



Runt 



5 leu Rate I 
— triqqer on— i 

0 2 3 4 Ext 

Ext IB 

—coupling 1 — 

gQ RG 

LFREJ HFREJ 



-u i th- 



ieve 1 _ 
Edge 



Nidth 



— runt < — 
7.5 ns 
OFF EB 
runt >— 
5.0 ns 
OFF EB 



1. Select Runt 



2. Select the trigger source. 



3. Select the trigger coupling 



4. Use Level to set the upper and lower voltage thresholds through 
which the runt must pass. Use Width to set rninimum or 
maximum time limits. Use Edge to set the trigger to occur at the 
end of a negative or positive runt pulse. 

5. E nable runt < to set the upper time limit. 





6. Enable & runt > to set the lower time limit. If the 
number you dial in is greater than that set for 
runt <, this function becomes OR runt >. 
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SLEW RATE TRIGGER 

This trigger is available with the optional Advanced Trigger Package. 



SMRRT TRIGGER 
type 

QualiFied I 
Dr^opout 
Pattern 
Runt 



Slew Rate 



— triqqer on— i 

D 2 3 4 Ext 

Ext IB 

^coupling 1 — 

SB RG 

LFREJ HFREJ 

u i th 

dV ^ Slope 



— dT < 

5.0 ns 
OFF SB 

dT > 

2.5 ns 
OFF SB 



1. Select Sew Rate. 



2. Select the trigger source. 



3. Select the trigger coupling 



4. Use dV to set the upper and lower voltage thresholds. Use dT to 
set rninirnurn or maximum time limits. Use Sope to define the 
slope as negative or positive. 




5. Enable dT < to set the upper time limit 




6. Enable & dT > to set the lower time limit If the 
number you dial in is greater than that set for 
dT <, this function becomes OR dT >. 
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Chapter Nine: Di^layMoie 

Ch^ter 3 showed how to set up the display and use persistence. N ow learn how to get 
more horn your display. 

In this ch^ter, see how 

Analog Persistence woiiis 

To use advanced color management tools 

To chan^ your palettes and pick colors 

To set up XY display 

To use cursors in XY display 
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Tiansfomi Your Vision 

ANALOG 

PERSIST 

Press the green button and transform your vision of the waveform. With the brightness levels of a 
single color, the Waverunner-2 Analog Persistence feature shows relative signal intensities "three 
dimensionally" to reveal signal evolution over time. It offers you an analog view of the waveform with all the 
advantages of a digital oscilloscope. Color G raded persistence works in a similar way using a color spectrum to 
map signal intensity. Both Waverunner-2 persistence modes are infinite or variable with decay over time. 




A nalog Persistence display of a signal with elements of a variable frequency of occurrence. 
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How Analog Persistence Works 

LeCro/s Analog PersistencB feature offers the advantages of analog display in a 
DSO (Digital Storage Oscilloscope). The display looks like analog and is fast, too. 

But it has the data manipulation, flexibility, and statistical analysis capabilities 
only found in a digital instrument. 

With traditional analog instruments, data manipulation and the direct conparison of acguisitions is 
practically inpossible Statistical analysis is difficult to perform too. N evertheless, analog does have 
certain advantages. Because there is no need for analog-to-digital conversion, the speed of the analog 
scope is limited only by the bandwidth of its electronics: signals are monitored almost continuously. 
The standard D SO must capture signals across the time period allowed by the size of its acguisition 
memory then process and display their representation. The time needed to process the previous 
acguisition normally limits DSO speed. 

But the A nalog Persistence digital oscilloscope is different. It decouples data accumulation from 
display, accumulating and displaying new data more guickly. Moreover, the persistence is variable. 

The display is generated by repeated sanpling of the amplitudes of events over time and the 
accumulation of the sanpled data into threedimensional display maps. These maps create an analog- 
style display. U ser-definable persistence duration can be used to view how the maps evolve 
proportionally over time. Statistical integrity is preserved because the duration, or decay, is 
proportional to the persistence population for eaA anplitude or time combination in the data. In 
addition, the A nalog Persistence scope provides user definable, post-acguisition saturation control of 
the maps, allowing you to draw detail from the display. 

When you select "A nalog" from the U sing persistence menu, each channel and its associated 
persistence data map are assigned a sin^e color. Asa persistence data map develops, different shades 
of its color are assigned to the population ranges between a minimum and a maximum population. 
The maximum population automatically gets the bri^test shading, the zero or smallest population 
gets the darkest shading or the background color, and the population ranges between zero and the 
maximum population gets the shades in between these. 

The information in the lower populations, or down at the noise level (random transients rather than 
dominant signals) could interest you more than the rest. The A nalog Persistence view hi^i^ts the 
distribution of data so that you can more easily examine it in detail. 

You can select a saturation level or population as a percentage of the maximum population. All 
populations above the saturation population are then assigned the bri^test shade: that is, they are 
saturated. A t the same time, all populations below the saturation level are assigned the remaining 
shades from briefest down to darkest. 

Data populations and their displayed shades are dynamically updated as data from new aopiisitions 
is accumulated. 
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To Display Color-Graded perslstence 

Color- Graded persistencB follows the same principles as the A nalog Persistence 
feature, but uses not one, but many, colors to map signal intensity. When you select 
"Color Graded" from the Using persistence menu, instead of the briefness of a 
sin^e color as in the A nalog Persistence view^ the Waverunner-2 uses a color 
spectrum from red throu^ violet to display persistence 





The same waveform as that shown on page 137 displayed using Color-Graded persistence shows the 
persistence waveform in a spectrum of colors rather than shades of a sin^e color. 
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"Pauit' YourDi^la^A 



Personalize your Wavemnner-2 displ^ by choosing from a range of tools, technigues, and color schemes. 



1 . 



In the DISPLAY SETUP menus, press the soft key for 



More Display 
Setup 



to access these menus. 



MORE DISPLAY 



Screen 
Saver Setup 



|Hi:olor Scheme -1 
12 3 4 5 6 
U1 |g U3 U4 



CHANGE 

COLORS 

—Full Screen— 

iiaa On 



f—Trace color— i 




Measure Gate-i 
h 1 ight ) 
On 



Chiql 

liiaa 



f—Data Points — 1 



Norma 1 



Bold 



2. Use them to change color schemes and choose advanced color management 
tools. 



Activates the screen saver. See "First T hings. " 



■j. Selects either a pre-set, default (1- ® or customized (U 1-U4) color 

JBl scheme. Choose a custom scheme; the menu below appears. Also 
selects a scheme for copying to. See next page. 

a Accesses the CHANG E CO LO RS menus when a user-defined scheme 
(U1-U4) is selected above. See next page. 

Turns Full Screen On and expand the grid displ^ to fill the entire 
screen. Off to return to the normal di^lay. 



Selects Opaque or Transparent mode, in which objects are always 
visible. 0 verlapping regions are distinguished by a new and unique 
color. 




Activates the Measure G ate function. 0 bjects of lesser 
interest given the color "neutral" will be automatically 
relegated to the area outside a region. 0 bjects inadethis 
measurement-gate region are thus highli^ted. 




Shows data, or sample, points either as N ormal or Bold 




In Full Screen, removes all menus from the screen. The menus will 
reappear when any darker, labeled, front panel button is pressed. 
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CHANGE YOUR PALETTE 

3. Select a user-defined color scheme (U 1- U4) from the preceding menu, then press the soft key for 

CHANGE 

COLORS 



CHANGE COLORS 

in user color 
scheme 02 



— Copy From — 
H 2 3 4 5 6 
01 02 03 04 



COPY SCHEME 
1 to 02 

— Change 



Trace 1 



Trace 2 
Trace 3 
Trace 4 
Trace fl 

—color to 1 

Nhite I 

Cyan I 



Velio 



Green 

Blue 



Create your own color scheme; assign colors to traces, grids, or any other on- 
screen object; or copy a default scheme into a custom one to make personalizing 
quicker and easier. 



__ Selects one of the a pre-set, default (1- 6) or customized (U 1-U4) color 
_^| schemes, and copy it to another User scheme. This creates a palette 
that can then be more easily personalized. 

a Copies the scheme selected in the menu above to the User color 

scheme selected in the Color Scheme menu shown on the preceding 
page. 



Selects the di^l^ed object to be assigned a color using the menu 
below (see next page). 










Selects the color to be assigned to the object selected in 
the "Change" menu (see page 143). 



Returns to the MORE DISPLAY menus. 
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To Assign Colors to On-Screen Objects 
Background — background c»lor of the entire display area 
Trace 1...4 — color assigned to traces displaying Channel 1, 2, or 3 or 4 
Trace A...D — color assigned to Trace A, B, C, or D 
Grid — default color of the grid 

Text — color assigned to menus, accjuisition status and non-sin^e source measurements 

Cursors — color assigned to cursors 

Warnings — color assigned to error and warning messages 

Neutral — color designated as neutral (can be any in user palettes) for measure- gate- region 
hi^i^ting 

Overlays — color assigned to the menus overlaid on the grid when in Full Screen mode 
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To Choose Colors 

Choose from this gallery of col 
custom palettes. 




color to 



Jade I 

Lime Green 



jRpple Green[ 



Emerald 
Grass Green 



—color to- 

Magenta 

Fuchsia 



Neon Pink 
Pale Pink 
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— color to 




— color to 


Ocean Spray 




R ij i_| H 1 E! 1 u e 


Ice Blue 






IPastel 61ue|| 






Pale Blue | 




Purple 


Sky Blue F 




Hnietl-iyE.t ' 




Cerise 



TfP: Personalize your color 
schemes: for baces, gilds, text 
and menus, cursors, neutral 
arlor, haclrgmund, \mmings, 
and overfays. See the previous 



Khak i 



page. 




I SSUE D : January 2002 



143 














Part Two: LOOKING DEEPER 



SetUpXY Di^Ja^A 



XY display is for traces that have the same time- or frequency-span (time/ div), expressed using the same 
horizontal unit, in seconds or Hertz. The XY di^l^ offers three ^ecM grid styles: XY only, XY Single and 
XY Dual, illustrated on the next page. 



DISPLAY 

1. Press for the DISPLAY SETUP menus 

2. Press the soft key to select XY from the top menu. 



DISPLfiV SETUP 



Standard 
r-Pans istence— 1 

liiaa On 




p-H'’ Form+Text— 1 
intensity 
90 X 



— Grid 

intensity 
80 X 



3. Use these menus to set up your XY di^l^, and to access other di^lay setup 
menus if desired. 

^ Selects "Standard" orXY. 

ANALOG 

PERSIST 

Turns persistence on or off. 0 r press ^ 



Accesses X Y persistence menus: for choosing Analog or Color-G raded 
persistence, and persistence saturation in XY di^l^. 



Accesses more di^lay setup menus. See page 140. 



^ Selects grid style and number. See next page. 




Adjusts waveform and text brightness, using the knob. To 
return to the default intensity, press the soft key. 




Adjusts grid intensity using the knob only. G rids can be 
brightened, or blended with di^layed traces. To return to 
the default intensity, press the soft key. 
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Analog Persistence vector diagram on XY Only grid. Bdow: XY Only, Sin^e and Dual grids. 



DISPLAY SETUP 
I Standard I 



DISPLAY SETUP DISPLAY SETUP 
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To USE Cursors IN XY Display 

Cursors are different in X Y display (see Chapter 4, "Choose a Measure Tool," for 
cursors in general). 

A bsolute A nplitude cursors are horizontal and vertical bars that can be moved up and down and from 
side to side across the screen. X Y Relative A nplitude cursors are pairs of bars that move in the same 
way. 

Absolute and Relative Time cursors behave in X Y as they do in Standard display. 

Combinations of the anplitude values are shown on the left-hand side of the grid in the following top- 
to- bottom order: 

"zlY value/ zlX value": Ratio 

"20 * log 10 (ratio)": Ratio in dB units 

"AY value * zlX value" : Product 

" (j) = arc tan (zlY / zlX) range [- 180 ° to -1-180°]": Angle (polar) 

"r = sqrt (zlX * AX + AY zlY)": Radius (distance to origin). 
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The definition of AX and zlY depends on which cursor you use. The table below 
shows how AX and zlY are defined for each type of cursor measurement. 





XY Cursors 




^Abs 


ArbI 


TAbs 


TrbI 


Oig=(a0) 


Ojfff - Vxofe!t 
VYOffeet 


AX 


VxRef- 0 


VxDit" VxRet 


VxRef" 0 


VxRef" Vxoffeet 


VxDif ■ VxRef 


AY 


VyRef- 0 


^YDif “ ^YRef 


^YRef 0 


^YRet ■ Vyoffeet 


^YDif" ^YRef 



Where the terms signify: 

AAbs: A bsolute A nplitude cursors 
Arbi: Relative a nplitude cursors 
T Abs: A bsolute T ime cursors 
TRei: Relative Time cursors 
Org: Origin 

Vxref: V oltage of the Reference cursor on the X trace 
VYret: V oltage of the Reference cursor on the Y trace 
Vxdit: V oltage of the Difference cursor on the X trace 
VYdit: V oltage of the D ifference cursor on the Y trace 
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Chapter Ten: Use Advanced Matii Tools 

You have seen how to use Wavemmier-2 math tools. N ow look deeper into wavefonn 
processing and ^ply the scope's advanced math features. 

In this ch^ter, see how 

To process extiema wavefonns 

To peifonn enhanced resolution Slteiing 

To rescale your waveform 

To do more with FFT 

To use a math function 

To plot pararr^ter trends 
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Use Advanced Matii Tools 



Conq)iibe Exbema W^n/efomis 

Use extrema to view a trace envelope of numerous sweeps. Your Waveruriner-2 scope repeatedly compares the 
maxima (roof) and nunima (floor) values of new waveforms with those of already accumulated extrema 
records. Whenever the oscilloscope finds that a given data point of a new waveform is greater than the 
corresponding roof record value, or less than the floor record value, it replaces that record value with the new 
one. The Waveruriner-2 thus accumulates the maximum and the rninimum envelope of all waveform records. 

1. Press ’ to select CHANNEL 1 and displ^ the Waveruriner-2 basic menus. 



2. Press the soft key to 



3. Press * to select and set up Trace A. 



3. Press the soft key for 



I — use M ath ? — 

5. Press the soft key to select N o and display the SETUP 0 E A menus. 

6. Then press the soft key to select "Extrema" from the Math Type menu. 



7. Press the soft key to select 



Envelope shows the entire envelope, while Floor and Roof show only the lower and upper parts of the 
envelope. Changing these limits will not restart the analysis. 



8. Turn the upper knob to set the number of sweeps: 
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9. Press the soft key to select the source trace: 




To DO Extrema 

Your Waverunner-2 scope will stop accumulating v\iienever the selected maximum 
number of sweeps is readied. You can interrupt this process by changing the trigger 
mode from N ORMA L to STOP (by pressing the STOP button), or by turning off the 
function trace A ccumulation will continue vdien you perform the reverse action. 

Reset the currently accumulated extrema waveform by either pressing CLEAR SWE EPS, or 
changing a parameter such as gain, offset, coupling, trigger condition, or your timebase or bandwidth 
limit. The Waverunner-2 displays the number of currently accumulated waveforms in the displayed 
trace label of the zoom trace on v\hich the extrema function is performed. You can display roof and 
floor records either individually or together. 

Whenever the maximum number of sweeps is reached, you can accumulate an even larger number 
simply by changing the value in the SETUP for menu. However, leave the other parameters 
unchang^, or the calculation will be restarted. 




TIP: The Waverunner-2 avoids being slowed down I^ computing a particular math 
function only when that function's trace is turned on. Despite this, waveform 
processing can take some time when there are many data points. Cut this delay 
iimiting the number of data points used in the computatiorh The Uhverurum'-2 will 
process the entire waveform by taking every nth point — where n depends on the 
timebase and the desired maximum rtumber of points. The Orst point taken is 
always the data value at the ieft-hand edge of the display. 
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Rescale and Assign Units 

This advanced math tool allows you to apply a multiplication factor (a), and additive constant (b), to your 
waveform. You can do it in the unit of your choice, depending on the type of application. 

1. Follow the steps for setting up to do math on Trace A, B, C or D. 

2. Press the soft key to select Rescale from the Math Type menu. 

3. Select a or b from the next menu, below Math Type. 

4. Press the soft key to select the mantissa, exponent, or number of digits; turn the knob to set its value. 



5. 



6 . 



If you wish, go back and select [units]. A new menu, called "units =" will then appear. You can choose 
from a wide range of units for your value, including Amps, Celsius, Hertz, decibels, Kelvin, Ohms, Volts, 
and Watts. 



Press the soft key to select the source trace for filtering: 



1 S 3 4 n C D 
M1 M2 M3 M4 



To DO Averaging: Summed vs Continuous 

Summed Averaging is the repeated addition, with egual wei^t, of successive source 
waveform records. If a stable trigger is available, the resulting average has a random 
noise conponent lower than that of a sin^e-shot record. Whenever the maximum 
number of sweeps is reached, the averaging process stops. 

A n even larger number can be accumulated sinply by changing the number in the menu. H owever, the 
other parameters must be left unchanged or a new averaging calculation will be started. You can 
interrupt the averaging by changing the trigger mode from N ORM to STOP, or by turning off the 
active trace The Waverunner-2 resumes averaging when you perform the opposite action to these 
Reset the accumulated average by pushing the CL E A R SWE EPS button or changing an accjuisition 
parameter such as input gain, offset, coupling, trigger condition, timd)ase, or bandwidth limit. The 
number of current averaged waveforms of the function, or its zoom, is shown in the displayed trace 
label. When summed averaging is performed, the display is updated at a reduced rate — about once 
every 1.5 s— in order to increase the averaging sp^ (points and events per second). 

Continuous Averaging is the repeated addition, with unecpial wei^t, of successive source 
waveforms. It is particularly useful for reducing noise on signals that drift very slowly in time or 
anplitude The most recently accjuired waveform has more wei^t than all the previously accpiired 
ones: the continuous average is dominated by the statistical fluctuations of the most recently acquired 
waveform The wei^t of 'old' waveforms in the continuous average gradually tends to zero (following 
an exponential rule) at a rate that decreases as the wei^t increases. 
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Enhance Resolution 

E RE S (E nhanced Resolution) filtering increases vertical resolution, allowing you to distinguish closely ^aced 
voltage levels. Waverunner-2 E RE S is similar to smoothing the signal with a simple, moving-average filter. 
However, it is more efficient, both in terms of bandwidth and pass-band. Use ERES on sin^e-shot waveforms, 
or where the data record is slowly repetitive — when you can't use averaging. Use it to reduce noise when your 
signal is noticeably noisy, but you don't need to perform noise measurements. Use it, too, when you perform 
high-precision voltage measurements: zooming with high vertical gain, for example. 

1. EoUow the steps for setting up to do math on Trace A, B, C, or D. 



2 . 



Then press the soft key to select Enh. Res from the Math Type menu: 



pMath Type- 

Arithmetic 

Average 



Enh . Res 



Extreme 

FFT 



3. 



penhance by — i 



Press the soft key to select 1.5 bits, for example, from 



0.5 bit 
1 bit 



1.5 bits 



2 bits 
2.5 bits 



i 



r 

j 



This menu allows you to choose a filter that will enhance the resolution of the displ^ed signal by from one to 
three bits, in steps of 0.5 bits 



4. 



Press the soft key to select the source trace for filtering: 



1 S 3 4 n C D 
m M2 M3 M4 



Result: See illustration next page. 



TIP: Depending on your san^Iing speed, the Uhverunner-2 
digital Glteis can affect bandwidth If you need bandwidth at slow 
tunebases, use Aveiaging with lepetitivesangtiing 
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The ^itdi in the TOveform displayed on the top grid has been dearly eliminated by E RE S: the result 
is the waveform on the lower grid. Trace B's label indicates this as the filtered waveform. A nd the 
information field below the grids tells you that Trace B is an E RE S function of Channel 2, that the 
TOveform has been enhanced by 3 bits, and that filtering has reduced the number of points from 
2000 to 1885 (seeNOTE on page 155) and the bandwidth to 32 MHz. 



Ho W THE WA VER UNNER-2 ENHANCES RESOL UTION 

The Waverunner-2's enhanced resolution feature inproves vertical resolution by a 
fixed amount for each filter. This real increase in resolution occurs whether or not the 
signal is noisy, or your signal is sin^e-shot or repetitive The signal-to-noise ratio 
(SNR) inprovement you gain is dependent on the form of the noise in the original 
signal. The enhanced resolution filtering decreases the bandwidth of the signal, 
filtering out some of the noise 
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The Waverunner-2's constant phase FIR (Finite Inpulse- Response) filters provide fast conputation, 
excellent step response in 0.5 bit steps, and minimum bandwidth reduction for resolution 
inprovements of between 0.5 and 3 bits. Each step corresponds to a bandwidth reduction of a 
factor of two, allowing easy control of the bandwidth resolution trade-off. The parameters of the 
six filters are given in the following table 

With low- pass filters, the 
actual SNR increase obtained 
in any particular situation 
depends on the power spectral 
density of the noise on the 
signal. 



The inprovement in SNR 
corresponds to the inprovement 
in resolution if the noise in the 
signal is v\hite — evenly 
distributed across the frecpiency 
spectrum. 

If the noise power is biased 
towards hi^ frecpiendes, the 
SNR inprovement will be 
better than the resolution 
inprovement. 



The opposite may be true if the noise is mostly at lower frecpiendes. SNR inprovement due to the 
removal of coherent noise signals — feed- throng of dock signals, for exanple — is determined by 
the fall of the dominant frecpiency components of the signal in the passband. This is easily 
ascertained using spectral analysis.The filters have a predsely constant zero-phase response. This has 
two benefits. First, the filters do not distort the relative position of different events in the waveform, 
even if the events' frecjuency content is different. Second, because the waveforms are stored, the delay 
normally asscdated with filtering (between the input and output waveforms) can be exactly 
conpensated during the conputation of the filter^ waveform. 

The filters have been given exact unity gain at low frecjuency. E nhanoed resolution should therefore 
not cause overflow if the source data is not overflowed. If part of the source trace were to overflow, 
filtering would be allowed, but the results in the vidnity of the overflowed data — the filter inpulse 
response length — would be incurred. This is because in some drcumstances an overflow may be a 
spike of only one or two samples, and the energy in this spike may not be enou^ to significantly 
affed the results. It would then be undesirable to disallow the v\hole trace. 

The exanples on the following page illustrate how you mi^t use the Waverunner-2's enhanced 
resolution fundi on. 



Resolution 

INCREASED BY 


-3 dB 

Bandwidth 
( x Nyquist) 


Filter Length 
(Samples) 


0.5 


0.5 


2 


1.0 


0.241 


5 


1.5 


0.121 


10 


2.0 


0.058 


24 


2.5 


0.029 


51 


3.0 


0.016 


117 



154 



I SSUE D : January 2002 



WR2-OM-E Rev C 





Chapter Ten: Use Advanced Tools 















































i 






















III 


III 


I 






















III 


III 


1 


II 




















III 


III 


1 


II 




















III 


III 


1 


If 


















" 




VI' 


T 


1 ' 




' 
















In low-pass filtering: The spectrum of a square signal before (above left) and after (above ri^t) 
enhanced resolution processing. The result clearly illustrates how the filter rgects hi ^-frequency 
oonponents from the signal. The hi^er the bit enhancement, the lower the resulting bandwidth. 



To increase vertical resolution: In the exanple at 
ri^t, the lower ("inner") trace has been significantly 
enhanced by a three-bit enhanced resolution function. 



To reduce noise: The exanple below shows enhanced 
resolution of a noisy signal. The original trace (below left) 
has been processed by a two-bit enhanced resolution filter. 
The result (below ri^t) shows a "smooth" trace where most 
of the noise has been diminated. 








































































NOTE: Enhanced resolution can only intprave the resolution of a trace; it carmot improve the 
accuracy or linearity of the origiral quantization The pass-hand will cause signal atterruation for 
signals near the cut-off hequmcy The highest hequendes passed ir^ he slightly attenuated. Perform 
the Gltering on Brute record lengiths. Data will he lost at the start and end of the waveform: the trace 
will he sU^dy shorter after Bitering The numher of sarrqrles lost is exactly equal to the length of the 
inqrulse response of theBlterused — hetweei two and D7 samples. NorrraUy this loss — justOL2 % of 
a 50 000 point trace — is not noticed. However, you might Biter a record so short there would he n o 
data output In that case, however, the Whiverurrt3er-2 would not aBow you to use the ERES — 

feature. 



/ 
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Do Moie with FFT 

In Part 0 ne (Chapter 5, "U se M ath To o 1 s " ) we looked at how to use Fast Fourier Transform (FFT) to 
display and measure signals in the frequency domain. Now see how to use the optional FFT Average feature, 
and how to set up an FFT span to improve resolution. Valuable hints on how to get even more from this tool 
are also given here. 



DO FFT AVERAGE 

1. Follow the steps for setting up to do math on Trace A, B, C, or D. 

2. Press the soft key to select FFT AVG from the Math Type menu. 

3. Press the soft key to select an FFT function to average Select Power ^lect for example, and you can define 
a function as the power average of FFT spectra, computed by another FFT function. 

CLEAR 

SWEEPS 

4. Press to reset FFT average and show the number of currently accumulated waveforms in the 
displayed trace field of the math trace or its zoom. 



When FFT or FFT Averaging is 
used, the memory status field 
beneath the grid shows the 
parameters of the waveform 
descriptor. 



DO ADDITIONAL PROCESSING 

You can perform other math and waveform 
processing functions, such as averaging or 
arithmetic, before doing FFT. For example: if a 
stable trigger were available you could perform 
time-domain averaging to reduce random noise 
in the signal. 



USE CURSORS WITH FFT 

Move the absolute time cursor into the frequency domain to read the amplitude and frequency of a data point. 
D 0 this by moving it beyond the ri^t-hand edge of a time-domain waveform. Then move the relative time 
cursors into the frequency domain to simultaneously indicate the frequency difference and the amplitude 
difference between two points on each frequency-domain trace. Use the absolute voltage cursor to read the 



TIP: To increase the FFT 6equencyiange— the 
NyquistFequency— raise the effective san^iinff 
tiequency by increasing the maximum rtumberof 
points or using a faster tirrreba^. 

To increase the FFT bequency resolution, increase 
tile length of the time-domain waveform record 1^ 
using a slower timebase. 




^C:PS(flVGPCB)) 

Power Spectnun 10090 -> 2500 pts 
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absolute value of a point in a ^ectrum in the appropriate units. And adjust the relative Voltage cursors to 
indicate the difference between two levels on each trace. 



NOTE: The following FFT-relatedeaiorme^ages may appear at the top of the screen: 

"fncongtatihle input record type" - EFT Avemge done on a Amction not deBned as EFT, 

"Horizontal units don't match" - EFT of a hequency-domain waveform is not available. 

"EFT source data zem BUed" - If there are invaUd data points in the source waveform (at the 
beginning or at the end of theremrd), these are r^laced by zeros before EFT processing. 

"EFT source data over/ underBow" - The source waveform data has been cUpped in ampUtude, 
eitherintheacguisiBon— gain too high or in^pnqrriateof^t— or in previous proce^ing The 
resulting EFT contains harmonic components that would not be present in the uncBpped 
waveform The settings thatdeBne the acguisiBon or processing should be changed indirectly by 
means of another BmcBon or expansion One of the deBniUons should be changed to eliminate 
the over/ underBow condiBon 

"Circular computaBon" - A BmcBon deBniBon is circular (i.e., the BmcBon is its own source). 
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To Set Up FFT Span and Re sol ution 

To set up an FFT cnrrectly, start with the frequency resolution, or zlf. This is the 
spacing of sanples in the frequency domain display. Set the zlf by inputting the time 
duration of the time domain signal to the FFT. 

If an acquisition channel (Channel 1, 2, or 3 or 4) is the source, then the waveform duration is the 
capture time: the TIME/ D IV setting multiplied by 10. If the source waveform is a zoom trace, the 
frequency resolution is the reciprocal of the displayed TOveform's duration. The relationship between 
capture time and frequency resolution is illustrated below (Fig. 1). 





Figure 1. Capture time determines the frequency resolution zl. 

The frequency span of the FFT is called the Nyquist frequency, and is related to the sanpling 
frequency of the time domain waveform. If the math memory size is identical to the number of 
sanples in the acquired waveform, then the span will be half the sampling frequency. But if this 
"max points for math" number is less than the number of points, the waveform and the FFT span 
will be decimated. The relationship between the FFT span and the sanpling rate (1/ zlT) is 
illustrated on the next page (Fig. 2). 
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CAPTURED WAVEFORM 




Figure 2. The span of the FFT is related to the sampling rate (1/ zlT). 

The Waverunner-2 automatically adjusts the span, and the FFT transform size, to account for the 
"max points for math" you enter, as well as the display scaling. The scope may also adjust the length 
of the displayed trace You can read the span in the displayed trace label for the trace with FFT, 
with the horizontal calibration in Hz/ div. It is also displayed as the Nyquist frequency in the 
information field that appears at the bottom of the screen when you set up for FFT. 



SET FFT SPAN 

1. To obtain the FFT span you want, first make sure that your sampling rate is more than twice the ^an 
desired. Control the sampling rate, then set the accjuisition memory length. You could further adjust the 
sampling rate by limiting the number of points. For example, to analyze a continuous periodic waveform, 
you m^ wish to have a span of 10 MHz and frecpiency resolution of 10 kHz. That frecpiency resolution 
would recprire a capture time of 100 ps. You would therefore set the time per division to 10 ps to obtain 
the necessary Af of 10 kHz. You would need an effective sampling rate of greater than 20 MS/ s in order 
to obtain the recprired 10 MHz span. 0 n a Waverunner-2 scope with a sampling rate of 500 MS/ s and a 
50 000-sample default memory length, you would use a 10 ps time/ div setting to first give a 250 MHz 
span. 
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SETUP 

3. Press and decrease the number of samples by setting the "record up to" menu to 2500 in a 
sampling rate of 25 MS/ s. 

pFor Math use-i 
max points 

Alternatively; use to hmit the number of points to 2500. Choosing this method 

would leave the sampling rate at 500 MS/ s but decimate the waveform data before the FFT to reduce the 
effective sampling rate to 25 MS/ s. This would in turn give a span of 12.5 MHz, the closest achievable 
span to >10 MHz. 



A sampling rate of 25 MS/ s would result in a full-scale range of 12.5 MHz (1.25 MHz per division). To 
maintain a display scale factor of 1, 2, or 5, your Waverunner-2 scope would decimate the acguired waveform 
and calculate the FFT using a 2000-point transform. This would rekilt in a scale factor of 2 MHz/ Div. The 
display would be truncated at 6.25 chvisions to retain the original 12.5 MHz span. 



FFT Window Filter Parameters 



Window Type 


Highest Sde 
Lobe (dB) 


Scallop Loss 
(dB) 


ENBW 

(bins) 


Coherent Gain 
(dB) 


Rectangular 


-13 


3.92 


1.0 


0.0 


von Hann 


-32 


1.42 


1.5 


-6.02 


Hamming 


-43 


1.78 


1.37 


-5.35 


Flat Top 


-44 


0.01 


2.96 


-11.05 


Blackman- Harris 


-67 


1.13 


1.71 


-7.53 
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Use an Advanced Math Function 



These functions allow you to automatically carry out complex computations 
on your signal. See Chapter 5, "U se Math T o ols," for the full range of 
standard and optional math functions. To choose and use a function: 

1. Follow the steps for setting up to do math on Trace A, B, C, or D. 

2. Then use these menus to choose and use an advanced math function. 



NOTE: The Waveiwmer-2 
compute ^pme wot on the 
absolute value of the 
wavefonn. Forlogaiithwic 
and exponential functions, it 
uses the input signal's 
numerical value without units. 



SETUP OF fl 

r — use Math?- 
No 



pTieth Type- 

FFT 
FFTflVG 



Functions 



Histogram 

Rescale 



— Funct ion- 

ExplO 

Identity 

Log 

LoglO 



-oF- 



■1 . 17000 



|E-03 
6 digits 



plus 

Q 2 3 4 B C D 
M1 M2 M3 M4 






Selects to do math. 



Selects Functioiis. 



Selects Integral, for example. 




NOTE: When you use 
Integral, your source signal 
can be of&etbyan additive 
Constantin the range to 
+10^ times the vertical un it of 
die signal. 



Sets the signal offset to compensate for any 
D C offset in the signal. 





Selects the source waveform. 



WR2-OM-E Rw C 



I SSUE D : January 2002 



161 




Part Two: LOOKING DEEPER 



Resanq)le to Deskew 

D eskew whenever you need to compensate for different lengths of cables, probes or anything else that causes 
timing mismatches between signals. Resample a signal on one channel and adjust it in time relative to a signal 
on another. 

1. D ispl^ the signals on two different channels. 

2. Press ^ to make a zoom of the channel whose signal you wish to adjust in time. 



SETUP OF n 

I — use Math?- 
No 



|H1eth Type- 

Functions 

Histogra m 

Rescale 

Trend 



pDelay By— 
20.67 ns 



Q 2 3 4 B C D 
M1 M2 M3 M4 



3. Use these menus to deskew the signal. 



Enables math. 



Selects Resanqile. 





By means of the knob, adjusts the signal on Trace A in the 
range ±2000 ns, and compensates for the timing differences 
between it and the other signal. 




Selects the channel whose signal you wish to adjust. 
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PlotTiends 



Plot a line graph of a parameter's evolution over time using the optional Trend feature (E MM 0 ption). And 
eliminate the need to make and record a large number of individual measurements. When you set up the trend 
plot, the Waverunner-2 will generate it automatically as the scope takes data, making the measurements and 
plotting the values for you. The graph's vertical axis will be the value of the parameter, and its horizontal axis 
the order in which the values were captured. In this way you can graphically display up to 20 000 individual 
parameter measurements on each trace, using any of more than 100 available parameters as the trend source. 
You can also cross-plot two trends on an X-Y display and see the functional relationships between the two 
parameters. 

1. Set up a custom parameter for the trend. See the next chapter, "Analyze with Parameters." 

2. Follow the steps for setting up to do math on Trace A, B, C, or D. 



SETUP OF n 

— use Math? — 
No ^ 




-Trend oF — ■, 



custom line 1 
emp Hi ) 

r—usinq up to— i 
1000 

(values ) 



3. Use these and the menus on the next page to create your trend graph. 



Enables math. 



Selects Trend. 



Selects parameters and further configures the trend (see next page). 



a Positions the trend automatically once calculated. Also centers and 
scales the trend without affecting zoom or position settings. 




Selects the parameter line to be used in the trend. 




Selects (using soft key or knob) the number of values in 
the trend. A maximum of 20000 values can be chosen 
for any one trend. When this maximum is exceeded, the 
parameter results scroll off the trend. 
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TREND n 



Values — 

QU Average 
A 1 1/Trece 




-Height — 
1.000 
(per div) 



<9 

jm 



TIP; See the LeCwy Application Biie& (LABs) coveiing trend 
plots for help in a range of ^plications. Ask your LeCroy 
customer service center, ortind these and other useful LABs at 
LeCroy's weh site: www.lecroy.com 




Selects All: every parameter calculation on each waveform will be 
placed in the trend 0 r Average: to trend only the average of all the 
given values calculated, and obtain one point in the trend, per capture. 

Accesses the CHANGE PARAM menus to select or configure a 
parameter. See the next chapter, "Analyze with Parameters." 



Positions the trend automatically once calculated. Also centers and 
scales the trend without affecting zoom or position settings. 




Sets the trend's center value. 




Selects the value of each vertical di^l^ division. The 
height per division multiplied by the number of vertical 
display divisions (eight) determines the range of 
parameter values centered on the number in the 
"Center" menu, used to create the trend. 



Returns to the previous menu group. 
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READ TRENDS 

Once the trend plot is displayed, trace labels like the ones below — for Trace A in these examples — appear in 
their customary place on-screen, identifying the trace and the math performed, and giving horizontal and 
vertical information. 



{j]; Tamp 1 Cl )— 
20 tf 
200 pV 
49. 731 mV 
^inside 200^ 

1 ^; Tamp 1 Cl )— i 

20 ft 

200 pV 

^inside 193-^ 



NunJrer of events per horizontal division 

Units per vertical division, in units of the parameter being measured 
V ertical value at point in trend at cursor location vdien using cursors 

NunJrer of events in trend that are within unzoomed horizontal 
display range 



Percentage of values lying beyond the unzoomed vertical range vdien 
not in cursor measurement mode 




Figure 3. A trend's horizontal axis is in units of events, with the earlier events in the leftmost part 
of the waveform and later ones on the ri^t. The vertical axis is in the same units as the trended 
parameter. 
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To Calculate Trends 

Ones you have configured the trend, parameter values will be calculated and trended on 
each subsecpient capture. 

The trend values will be calculated immediately following the capture The resulting trend is a 
waveform of data points that can be used in the same way as any other waveform. Parameters can be 
calculated on it, and it can be zoomed; it can serve as the x or y trace in an X Y plot, or be used in 
cursor measurements. 

The secpience for accpiiring trend data is: 

1. Trigger 

2. Waveform capture 

3. Parameter calculation(s) 

4. Trend update 

5. Trigger re-arm 

If you set the timd)ase in a mode other than secpience a sin^e accpiisition occurs prior to parameter 
calculations. However, in secpience mode an accjuisition for each segment occurs prior to parameter 
calculations. If the source of the trend data is a memory, when you save new data to memory, this 
acts as a trigger and acquisition. Because updating the screen can take significant processing time 
the process occurs only once a second, minimizing trigger dead time (and under remote control the 
display can be turned off to maximize measurement speed). 

The Waverunner-2 oscilloscope maintains a circular parameter buffer of the last 20 000 
measurements made, including values that fall outside the set trend range. If the maximum number 
of events to be used in a trend is a number 'N' less than 20 000, the trend will be continuously 
updated with the last 'N' events as new accpiisitions occur. If the maximum number is greater than 
20 000, the trend will be updated until the number of events is ecpial to 'N'. Then, if the number 
of bins or the trend range is modified, the scope will use the parameter buffer values to redraw the 
trend with either the last 'N' or 20 000 values acejuired — whichever is the lesser. This parameter 
allows trends to be redisplayed using an accpiired set of values and settings that produce a 
distribution shape with the most useful information. Once it is in buffer, you can display the trend 
in different scaling ranges without reaccpiiring data. 

In many cases the optimal range is not readily apparent. For this reason the scope has a powerful 
range finding function: FIND CENTER AND HEIGHT (see page 164). If necessary, it will 
examine the values in the parameter buffer to calculate an optimal range, and use it to redisplay the 
trend. The Waverunner-2 will also give a running count of the number of parameter values that fall 
within, below 5 and above the range. If any fall below or above the range, the range finder can then 
recalculate to include these parameter values, as long as they are still within the buffer. 

The number of events captured per waveform accpiisition or display sweep depends on the parameter 
type. A cejuisitions are initiated by the occurrence of a trigger event. Sweeps are equivalent to the 
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Chapter Ten: Use Advanced Tools 



waveform captured and displayed on an input channel. For non-segmented waveforms a capture is the 
same as a sweep, whereas for segmented waveforms an accjuisition occurs for each segment and a sweep 
is ecjuivalent to captures for all segments. Only the section of a waveform between the parameter 
cursors is used in the calculation of parameter values and corresponding trend events. The table 
provides a summary of the number of trend events captured per accpiisition or sweep for each 
standard parameter and for a waveform section between the parameter cursors. 

W' 
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Chapter Eleven: Analyze with Paiameteis 

Part One introduced Waverunner-2 Measure Tools. N ow use their advanced aspects to 
troubleshoot and analyze your wavefoim. 

In this ch^ter, see how 

To customize paiameteis 

To peifoim ^ss/ Fail tests 

Paiameteis work 

Each paiameterpiays a special mle in measurement 



168 



I SSUE D : January 2002 



WR2-OM-E RevC 





Chapter Eleven 



Analyze with Paiameteis 



Use Custom PaiameteES 




1. Press J then select Measure to display the MEASURE menus. 



2. Press the soft key for Custom in the "mode" menu. Use statistics if desired, and set the starting and end 
point for the parameter measurements using the "from" and "to" menus. 



3. 



Then press the soft key to select 



CHANGE 

PARAMETERS 



and access the CHANGE PARAM menus. 



CHANGE PARAM 

On line — 

0 2 3 4 5 



, — Category 



All 



DISK-Std 
DISK-Local 
DISK-PRML 
JTA ^ 



DELETE ALL 
PARAMETERS 



— measure 

i 

acsn 

area 

oF 

Q 2 3 4 
n B C D 



4. Use them to change your parameters. 



^ Selects a line, and the parameter allocated to it, for modification. Eive 
V lines with five unigue parameters can be displayed and modified. 




Selects the parameter category. 




D eletes all five assigned parameters from the lines. 



To place a new parameter for measurement on the line selected above. 
When is selected, that line is not used. 





Selects the channel or trace on which the parameter will be 
measured. 
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CUSTOMIZE A PARAMETER 

You can customize certain parameters to meet special needs: 

1. Take, for example, A time at level, a parameter that computes the transition between different levels of a 
waveform, or between different sources. 

2. Press the soft key to select the All category, and the soft key to choose At@lv from the measure menu. 

3. Turn the upper knob to set the number of sweeps: 

source 

4. Press the soft key to select channel or memory 1 Turn the knob for ftoin and to. 

to 2 

5. Then press the soft key to select 

From the SETUP of At@lv menus then displayed: 

6. Press the soft key to set levels in either absolute or peak-to-peak percent signal values: 

7. Press the soft key to set the hysteresis in divisions. This is a voltage band that extends eguidistantly above 
and below the selected level. In order for the signal to be considered valid, and not as noise, the signal 
must exceed, or cross, the upper or lower limits of this band by half the hysteresis division setting. 

8. Turn the knob to set the voltage or amplitude percent level in the "from" menu. 

This determines where on the waveform the Waverunner-2 will start the timing measurement. 

9. Press the soft key to make the measurement on a positive (rising) or negative (falling) edge. 0 r, with Eiist, 
to make it on either edge. 

10. Finally, turn the knob to set the voltage or amplitude percentage in the "to" menu. 

This determines the level on the waveform at which the timing is to end. 

11. Press the soft key to end the measurement on a positive (rising) or negative (falling) edge. Or, with Eiist, 
to end it on either edge. 
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Test for Pass and Fail 



You can also use parameters to carry out Pass/ Fail tests. These require a combination of measurements within 
chosen limits. The Waverunner-2 invokes an action when the test passes or fails — depending on what you 
^ecify. You can also test signals against a tolerance mask As with custom parameters, you can use as many as 
five parameters at the same time. Whether the tests pass or fail, any or all of the following actions can be 
invoked: 

Stop capturing further signals 

Dump the screen image to a hardcopy unit 

Store selected traces to internal memory, to an optional device in the PC Card slot, or to floppy disk 
Sound the buzzer 

Emit a pulse through the rear BNC connector 

The displ^ will show you the results on the current waveforms, the number of passing events, the total 
number of sweeps treated, and the actions for you to take. 

SET UP A PASSy FAIL TEST 

1. Set up for parameters in the MEASURE menu as shown in Chapter 4 and on the preceding pages. 




Press J then select Pass/ Fail. 

2. From the "mode" menu select Pass or Fail. Set the starting and ending points for the parameter 
measurements using the "from" and "to" menus 

3. Press the soft key to select 



4. Select a parameter line. 

5. Press the soft key to select Paiam from the Test on menu for testing using that parameter; " — " for no 
test. 

6. And press the soft key to select Param from the choose menu. 

7. Set the other menus displayed as desired, according to the description on page 169. 



CHANGE TEST 
CONDITIONS I 



-On line— 
H 2 3 4 5 
Action 
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8. Then if you wish to change the Pass/ Fail test limit on the parameter, press the soft key to select Limit 
from the choose menu. 

9. Press the soft key to select the adequate relation — smaller or greater than — from: 

— True iF 

< B 

1 imit 

IMMM E+BB 

10. Then press the soft key to select from ^ digits one of three possible modifications to the 
limit 

These are the limit's mantissa, exponent and the number of digits to be represented in its mantissa 

11. Turn the knob to set the value for these. 

12. Finally, press the bottom soft key to set the limit to the latest measured value — a starting value for the 
final adjustment 



PASS/ FAIL TEST ON A MASK 



1. Follow the CHANGE TEST Steps 1 to 5 described above. 

2. Press the soft key to select Mask from the "Test on" menu for testing using that parameter; " — " for no 
test. 



3. Press the soft key to select the mask test condition from 



-True iF- 



la 11 pointsi 



some points 



4. 

5. 



Press the soft key to select the mask test condition from 




Press the soft key to select the channel or trace for testing from the of menu, and the soft key for the trace 
on which the mask is to be placed from the mask menu. 



NOTE: Pass/ Fail testing against a mask is aTBected by horizontal and vertical zooming of the mask 
trace. The test will be made inside the area bordered by the parameter cursors. Timebases of the mask 
and die trace under test should be identical. Forvisualmasktesting, use a single grid when performing 



a mask test on a single trace; dual-grid dl^lay for testing on two traces. 
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MAKE A WAVEFORM MASK 



1 . 



Press the soft key to select 









MODIFY MASK 




CHANGE TEST 


from the mask 




CONDITIONS 



menus described 



above. 



MODIFY MASK 
From 



N^For 



Fipy 

into 

l>BiSI 

m M2 M3 M4 



INVERT MASK 

D=M4 

r-Use N-’Fom — 

D 2 R B C D 
M1 M2 M3 M4 



MAKE MASK 

D=M4 

—delta V— 
0.50 d iv 



-delta T- 
0.20 div 



2. Use these menus to generate a mask from your waveform. 

Select Wfoim to generate the mask from your displayed waveform; Card 
to display menus for recalling a mask stored to an optional device in the 
PC Card slot; Floppy to recall a stored mask from floppy disk. 

Selects D =M4 if the mask is to be automatically di^layed on the screen. 
0 therwise select Ml M2, M3i or M4 Use the "RE CALL W'FO RM" 
menus to recall and display a memory on a trace. 

G enerates an inverted mask. 



Selects the waveform to be used as the reference. The Waverunner-2 will 
generate the mask around this. 



Makes the mask. 




Selects the tolerance in amplitude with the knob. 




Selects the tolerance in time with the knob. 



CHANGE A TEST ACTION 



1 . 

2 . 

3. 



From the CHANGE TEST menus press the soft key to select Action in the On line. 



Press the soft key to determine if the action will be taken on Pass or Fail: 



Pass 



Fail 



Press the soft key to select the action in the "Then" menu. And press the soft key to activate (Yes) or 
disable (N o) this action in the final menu, now named for the action chosen. This yes or no is in turn 
shown in "Then." 
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How THE Waverunner-2 Parameters Work 

Proper determination of the top and base reference lines is fundamental for ensuring 
correct parameter calculations. The analysis begins with the Waverunner-2 confuting a 
histogram of the waveform data over the time interval spanned by the left and ri^t 
time cursors. 

For exanple, the histogram of a waveform transitioning in two states will contain two peaks (Fig. 
1). The analysis will attenpt to identify the two clusters that contain the largest data density. Then 
the most probable state (centroids) associated with these two clusters will be conputed to determine 
the top and base reference levels: the top line corresponds to the top and the base line to the bottom 
centroid. Once top and base are estimated, the Waverunner-2 easily calculates the rise and fall 
times. The oscilloscope automatically determines the 90% and 10% threshold levels, using the 
anplitude (anpl) parameter. (Histograms are part of the WaveAnalyzer option.) 





Threshold levels for rise or fall time can also be selected using absolute or relative settings (r(g) level, 
f@ level). If absolute settings are chosen, the rise or fall time is measured as the time interval 
separating the two crossing points on a rising or falling edge But vdien relative settings are chosen, 
the vertical interval spanned between the base and top lines is subdivided into a percentile scale 
(base = 0%, top = 100%) to determine the vertical position of the crossing points. 
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Rising E dge 
Duration 


A Mr 

— y (Trf-Tr]°) 


Falling E dge 
Duration 


A Mf 


Where Mr is the number of rising edges 
found, Mf the number of falling edges found, 

Tr/* the time when rising edge i crosses the x % 

level, and the time when falling edge i 

crosses thex% level. 



The time interval sq)arating the 
points on the rising or falling edges 
is then estimated to yield the rise or 
fall time These results are averaged 
over the number of transition edges 
that occur within the observation 
window. 

Time parameter measurements such as width, 
period and delay are carried out with respect to the 
mesial reference level (Fig. 2), located halfway 
(50%) between the top and base reference lines. 
Time parameter estimation depends on the number 
of cycles included within the observation window. 

If the number of cycles is not an integer, 
parameter measurements such as rms or mean will 
be biased. 





Figure 2. 
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To avoid these bias effects, the instrument uses cyclic parameters, including crms and 
onean, that restrict the calculation to an integer number of cycles. The Waverunner-2 
enables accurate differential time measurements between two traces — for exanple, 
propagation, setup and hold delays (Fig. 3). Parameters such as zlc2di- recpiire the 
transition polarity of the dock and data signals to be spedfied. 





CLOCK EDGE = Positive Transition _f~ 
DATA EDGE = Negative Transition 



Figure 3. 

Moreover, a hysteresis range may be spedfied to ignore any spurious transition that does not exceed 
the boundaries of the hysteresis interval. In Figure 3, dc2d- (1, 2) measures the time interval 
separating the rising edge of the dock (trigger) from the first negative transition of the data signal. 
Similarly, dc2d-e (1,2) measures the time interval between the trigger and the next transition of 
the data signal. 
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Choose a Paiametier 



The following table lists, describes and defines the Wavenmner-2 parameters. Those indicated by the 
symbol are in the Extended Math and WaveAnalyzer options (see Chapter 5, "Use a Math Tool"). AU the 
other parameters listed here are standard on the Waverunner-2. 



Parameter 


Description 


Deeinition 


Notes 


anqil 


Amplitude: Measures difference between 
upper and lower levels in two-level signals. 
Differs from pkpk in that noise, overshoot, 
undershoot, and ringing do not affect 
measurement. 


top - base 
(S^ Fig. 1) 


On signals not having two 
major levels (such as triangle or 
saw-tooth waves), returns same 
value as pkpk. 


area 


Integral of data; Computes area of 
waveform between cursors relative to zero 
level. V alues greater than zero contribute 
positively to the area; values less than zero 
negatively. 


Sum from first to 
last of data multiplied 
by horizontal time 
between points 
(See Fig. 2) 




base 


Lower of two most probable states (higha- 
is top). Measures lower level in two-level 
signds. D iff an from min in that noise, 
ovanhoot, undanhoot, and ringing do not 
affect measurement. 


Value of most 
probable lower state 
(See Fig. 1) 


On signals not having two 
major levels (trian^e or saw- 
tooth waves, for example), 
returns same value as min. 


cydes 


D etermines number of cycles of a periodic 
waveform lying between cursors. First cycle 
begins at first transition after the left cursor. 
T ransition may be positive- or negativa 
going. 


Number of cycles of 
periodic waveform 
(See Fig. 2) 




cmean 


Cyclic mean: Computes the average of 
waveform data. Contrary to mean, 
computes average over an integral number 
of cycles, eliminating bias caused by 
fractional intervals. 


Average of data 
values of an integral 
number of periods 




cmedian 


Cyclic median: Computes average of base 
and top values over an integral number of 
cycles, contrary to median, eliminating bias 
caused by fractional intavals. 


D ata value for which 
50 % of values are 
above and 50 % 
below 
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Parameter 


Description 


Deeinition 


Notes 


crnis 


Cyclic root mean square: Computes square 
root of sum of squares of data values 
divided by number of points. Contrary to 
rms, calculation is performed over an 
integral number of cycles, eliminating bias 
caused by fractional intervals. 






Where: y denotes measured 
sample values, and N = number 
of data points witbin the periods 
found up to maximum of 100 
periods. 


csdev 


Cyclic standard deviation: Standard 
deviation of data values from mean value 
over integral number of periods. Contrary 
to sdev, calculation is prformed over an 
integral number of cycles, eliminating bias 
caused by fractional intervals. 


i 


1 ^ 

-^(vi-meanf 

i=^ 


Where: y denotes measured 
sample values, and N = number 
of data points witbin tbe periods 
found up to maximum of 100 
periods. 


delay 


Time from trigger to transition: Measures 
time between trigger and first 50% crossing 
after left cursor. Can measure propagation 
delay between two signals by triggering on 
one and determining delay of other. 


Time between trigger 
and first 50% crossing 
after left cursor 
(See Fig. 2) 




Adly 


Adelay: Computes time between 50% level 
of two sources. 


Time between 
midpoint transition of 
two sources 




At@lv 


At at level: Computes transition between 
selected levels or sources. 


Time between 
transition levels of 
two sources, or from 
trigger to transition 
level of a single 
source 


Reference levels and edge- 
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels from 
noise in data. 


Ac2d± 


Aclock to data ±: Computes difference in 
time from clock threshold crossing to either 
the next (Ac2d+) or previous (Ac2d-) data 
threshold crossing. 


Time from clock 
threshold crossing to 
next or previous edge 
(S^ Fig. 3) 


Tbresbold levels of dock and 
data signals, and edge transition 
polarity can be sdected. 
Hysteresis argument used to 
differentiate peaks from noise in 
data, with good hysteresis value 
between half expected peak-to- 
peak value of signal and twice 
expected peak -to- peak value of 
noise. 
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Parameter 


Description 


Deeinition 


Notes 


dur 


For single sweep waveforms, dur is 0; for 
sequence waveforms: time from first to last 
segment's trigger; for single segments of 
sequence waveforms: time from previous 
segment's to current segment's trigger) for 
waveforms produced by a history function: 
time from firnt to last accumulated 
waveform's trigger. 


Time from first to last 
acquisition: for 
average, histogram or 
sequence waveforms 




duty 


Duty cycle: Width as percentage of period. 


width/ period 
(See Fig. 2) 




fflO-2(P/o 


Fall 80-20%: Duration of pulse waveform's 
falling transition from 80% to 20%, 
avenged for all falling transitions between 
the cursors. 


Average duration of 
falling 

80-20% transition 


On signals not having two 
major levels (triangle or saw- 
tooth waves, for example), top 
and base can default to maximum 
and minimum, giving, however, 
less predictable results. 


fig) level 


Fall at level: Duration of pulse waveform's 
falling edges between transition levels. 


Duration of falling 
edge between 
transition levels 


On signals not having two 
major levels (triangle or saw- 
tooth waves, for example), top 
and base can default to maximum 
and minimum, giving, however, 
less predictable results. 


M 


Fall time: Measures time between two 
specified values on falling edges of a 
waveform. Fall times for each edge are 
averaged to produce final result. 


Time at lower 
threshold minus 
Time at upper 
threshold averaged 
over each falling edge 
(See Fig. 1) 


On signals not having two 
major levels (triangle or saw- 
tooth waves, for example), top 
and base can default to maximum 
and minimum, giving, however, 
less predictable results. 




Arguments 


Thrediold 


Remote 


Lower 

Limit 


Upper 

Limit 


Default 


Lower 


Low 


1% 


45% 


10% 


Upper 


High 


55% 


99% 


90% 


ThrcEhold arguments gredfy two vertical values on 
eadi edge used to compute fall time Fonnulasfor 
uppa-and lowa'values: 

lower value = lower threshold x + base 

100 

upper value = upper threshold x + base 
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Parameter 


Description 


Deeinition 


Notes 


first 


Indicates value of horizontal axis at left 
cursor. 


Horizontal axis value 
at left cursor 
(See Fig. 2) 


Indicates location of left cursor. 
Cursors are interchangeable: for 
example, tbe left cursor nray be 
moved to tbe right of the ri^t 
cursor and first will give the 
location of the cursor formerly on 
the right, now on left. 


fieq 


Frequency: Period of cyclic signal measured 
as time between every other pair of 50% 
crossings. Starting with first transition after 
left cursor, the period is measured for each 
transition pair. Values then averaged and 
reciprocal used to give frequency. 


1/ period 
(See Fig. 2) 




last 


Time from trigger to last (rightmost) cursor. 


T ime from trigger to 
last cursor 
(See Fig. 2) 


Indicates location of right cursor. 
Cursors are interchangeable: for 
example, tbe ri^t cursor may be 
moved to tbe left of tbe left 
cursor and first will give tbe 
location of the cursor formerly on 
the left, now on ri^t. 




Measures highest point in waveform. Unlike 
top, does NOT assume waveform has two 
levels. 


Highest value in 
waveform between 
cursors 
(See Fig. 1) 


Gives similar result when applied 
to time domain waveform or 
histogram of data of same 
waveform But with histograms, 
result nray indude contributions 
from more than one acquisition. 
Computes borizontal axis 
location of ri Utmost non- zero 
bin of bistogram — not to be 
confused with maxp. 


mean 


Average of data for time domain 
waveform. Computed as centroid of 
distribution for a histogram. 


Average of data 
(See Fig. 2) 


Gives similar result when applied 
to time domain waveform or 
histogram of data of same 
waveform But with histograms, 
result may indude contributions 
from more than one acquisition. 


median 


The average of base and top values. 


Average of base and 
top 

(See Fig. 2) 
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Chapter Eleven: 



Analyze with Parameteis 



Parameter 


Description 


Deeinition 


Notes 


miiiinium 


Measures the lowest point in a wavefom. 
Unlike base, does not assume wavefoim 
has two levels. 


Lowest value in 
waveform between 
cursors 
(See Fig. 1) 


Gives similar result when applied 
to time domain waveform or 
histogram of data of same 
waveform But with histograms, 
result may include contributions 
from more than one acquisition. 


over- 


Overshoot negative: Amount of overshoot 
following a falling edge, as percentage of 
amplitude. 


\Base - minimumCi 

1 00 


W aveform must contain at least 
one falling edge. On signals not 
having two nrajor levels (trian^e 
or saw-tooth waves, for example), 
may not give predictable results. 


ampl 

(See Fig. 2) 


over+ 


Overshoot positive: Amount of overshoot 
following a rising edge specified as 
percentage of amplitude. 


\3iaximum - topQ 


W aveform must contain at least 
one rising edge. On signals not 
having two nrajor levels (trian^e 
or saw-tooth waves, for example), 
may not give predictable results. 


ampl 

(See Fig. 1) 


period 


Period of a cyclic signal measured as time 
between every other pair of 50% crossings. 
Starting with first transition after left cursor, 
period is measured for each transition pair, 
with values averaged to give final result. 


—V [Trf-Trf] 
(See Fig. 2) 


Where: Mr is the number of 
leading edges found, Mf the 
number of trailing edges found, 

Tr^ the time when rising edge i 

crosses thex% level, andTf,'^ the 
time when falling edge i crosses 
the x% level. 


pkpk 


Peak-to-peak: Difference between highest 
and lowest points in waveform. Unlike 
ampl, does not assume the waveform has 
two levels. 


maximum minus 
minimum 
(See Fig. 1) 


G ives a similar result when 
applied to time domain waveform 
or histogram of data of the same 
waveform But with histograms, 
result nray include contributions 
from more than one acquisition. 


phase 


Phase difference between signal analyzed and 
signal used as reference. 


Phase diffaence 
between signal and 
reference 




points 


Number of points in the waveform between 
the cursors. 


Number of points 
between cursors 
(See Fig. 2) 
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Parameter 


Description 


Deeinition 


Notes 


r20-a0P/o 


Rise 20% to 80%: Duration of pulse 
waveforai's rising transition from 20% to 
80%, averaged for all rising transitions 
between the cursors. 


Average duration of 
rising 20- 80% 
transition 


On signals not having two 
major levels (trian^e or sa'w- 
tooth 'waves, for example), top 
and base can default to maximum 
and minimum, giving, however, 
less predictable results. 


1 1 


r@ level 


Rise at level: D uration of pulse waveform's 
rising edges between transition levels. 


Duration of rising 
edges between 
transition levels 


On signals not having two 
major levels (trian^e or saw- 
tooth waves, for example), top 
and base can default to maximum 
and minimum, giving, however, 
less predictable results. 


rise 


Rise tme Meesurrotimebetvreai two specffied 
values on wa^efonn'siisingedgellO-OOyo). Rise 
tmesfor eadi edge araaged to givelinal result 


Time at upper 
threshold minus Time 
at lower threshold 
averaged over each 
rising edge 
(See Fig. 1) 


On signals not having two 
major levels (trian^e or saw- 
tooth 'waves, for example), top 
and base can default to maximum 
and minimum, giving, bo’wever, 
less predictable results. 





Arguments 


Thrediold 


Rsnote 


Lows 

Limit 


Upps 

Limit 


Default 


Lows' 


Low 


1% 


45% 


10% 


Upps 




55% 


99% 


90% 


Threshold argumaits qBofy two vaticd values on 
each edgeused to oomputerisetime 
Fonnulas for ifypa'aid lowH'values: 

lower value = lower threshold x + base 

100 

upper value = upper threshold x + base 
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Parameter 


Description 


Deeinition 


Notes 


ims 


Root Mean Square of data between the 
cursors — about same as sdev for a zero- 
mean waveform. 






Gives similar result when applied 
to time domain waveform or 
histogram of data of same 
waveform But with histograms, 
result may include contributions 
from more than one acquisition. 
Where: w denotes measured 
sample values, and N = number 
of data points witbin the periods 
found up to maximum of 100 
periods. 




(See Fig. 2) 




sdev 


Standard deviation of the data between the 
cursors — about the same as rms for a 
zere-mean waveform. 


i 


1 

-^(v,-meanf 
(See Fig. 2) 


Gives similar result when applied 
to time domain waveform or 
histogram of data of same 
waveform But with histograms, 
result may indude contributions 
from more than one acquisition. 
Where: w denotes measured 
sample values, and N = number 
of data points witbin the periods 
found up to maximum of 100 
periods. 


t@ level 


Time at level: Time from trigger (t=0) to 
crossing at a specified level. 


T ime from trigger to 
crossing level 




top 


Higher of two most probable states, the 
lower being base it is characteristic of 
rectangular waveforms and represents the 
higher most probable state determined from 
the statistical distribution of data point 
values in the waveform. 


Value of most 
probable higher state 
(See Fig. 1) 


Gives similar result when applied 
to time domain waveform or 
histogram of data of same 
waveform But with histograms, 
result may indude contributions 
from more than one acquisition. 


width 


Width of cycle signal detennined by escamining 
50% crossings in data input If fiist transmission 
after left cursor is a rising edge, waveform is 
considered to consist of positive pulses and 
widh the time between adjacent rising and faffing 
edges Conversely, if faffing edge, pulses are 
considered negative and widh the time between 
adjacent faffing and rising edges For both cases, 
widths of al waveform pulses averaged for final 
result 


Width of first positive 
or negative pulse 
averaged for all 
similar pulses 

(See Figs. 1, 2) 


Similar to fwhm, thou^, unlike 
width, that parameter applies 
only to histograms. 
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Parameter 


Description 


Deeinition 


Notes 


XAMN 


D etHmines the hoii2ontal axis location of the 
rninirnurn vdue between the cuisois. 


Horizontal location of 
lowest value between 
cursors. 


Restricted to time and frequency 
donrain waveforms only. 

1 


XAMX 


D etamines the hoii2ontal axis location of the 
maximum value between the cursors. 


Horizontal location of 
highest value between 
cursors. 


Restricted to time and frequency , 
donrain waveforms only. 

I 
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Chapter Twelve: Use Wav&uimer-2withPC 

Operate your \]^nmn&'-2 scope using a personal congfuter. 

In this ch^ter, see how 

To transfer waveforms and data 6om scope to computer 
To monitor Mdverurmer-2 remote control operation 
To save in ASCII 

To use the \\hverurmer-2with Sprmdsheet, Mathcad and MATLAB 
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Chapter Twelve 



Use Wavennmer-2mthPC 



Transfer Data and Images to PC 

Connect the Wavemnner-2 to a personal computer (PC) through the oscilloscope's rear G PIB or 
RS-232-C port. Then use LeCroys handy ScopeExplorer software (see next page) to save data or images to the 
PC's hard disk. At the same time, the Waverunner-2's Remote Control Assistant can monitor and debug aU your 
remote control communications (see page 189). But first, follow these steps to set up the scope for 
communication with the PC: 



UTILITY 

1. Press and then the soft key for 



Remote 

Setup 



GRIB £ RS232 



— Remote 

Control From 
SSfH RS232 



r-RS232 Mode — , 
T-bit 



S-b it 



< — Parity- 



odd even 



I — Stop bits- 

D 2 



r — Baud Rate- 



300 1200 i 

2400 4800 

B.GK IMWa 
157. 6K 115. 2K 



—GRIB Oevice— 
(Address ) 

4 



2. Use these menus to set up communication with the PC via G PIB or RS232. 

Selects GPIB or RS232 Select from the other menus according to this 

RS232: Press to select seven- or eight-bit word length for RS232. With 
RS232 selected above, the G PIB interface is "talk-only." Any change is 
immediate. 

RS232: Press to choose the appropriate RS232 parity. 



RS232: Press to select the number of stop bits for RS232. 
_^| RS232: Turn the knob to set the Baud Rate for RS232. 





GPIB: Press or turn to select the G PIB address. 
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RS-232 nine-pin communication cabling for connecting the Waverunner-2 to PC. 



EXPLORE YOUR SCOPE 

ScopeExplorer is an easy-to-use and practical software tool for interfacing your Waverunner-2 oscilloscope 
vdth computers running Windows, (^also "First Things" section.) 

1. Connect the scope to a PC by using either the G PIB — you'U need a PC with G PIB card installed — or 
PC-standard RS-232-C port on the scope's rear panel. 

2. D ownload ScopeExplorer free at http:/ / www.lecroy.com/ scopeexplorer. 0 r inguire at your LeCroy 
customer service center. 

3. Having installed ScopeExplorer, open it as you would any Windows program. Use its on-line help to: 

Use the teletype-hke terminal to send standard remote control commands from computer to 
oscilloscope. And di^lay the Waverunner-2 re^onse on the PC. 

Control the scope using an interactive, virtual scope front panel! 

Pipe seguences of commands from a file to the scope, then send the scope's responses to another file. 
(S^ the Remote Control Manual for the commands.) 

Transfer pixel-for-pixel copies of your Waverunner-2 display to PC, view them, print them, or both 
from the computer. With a single press of a button or key, you can copy bitmap waveform images to 
the Windows Clipboard, ready to paste into any Windows application. 

Capture Waverunner-2 front panel setups and store them on the computer with a lengthy filename. 
You can then transfer them back into the scope to reproduce an identical setup. 

Transfer, too, your waveforms to PC, and store them in either the compact LeCroy Binary format, or 
an ASCII version compatible with PC-based analysis products such as Microsoft's Excel or MathSoft's 
Mathcad (see page 190). 
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MONITOR YOUR REMOTE CONTROL OPERATIONS 

Use the Wavemnner-2 Remote Control (RC) Assistant to automatically monitor remote commands received 
through the G PIB and RS232 ports. RC Assistant helps debug communications with the PC. When activated, it 
displays a log of the dialog between oscilloscope and PC. And whenever a communication error occurs, it gives 
the additional message "Remote Control: problem detected and logged." 



UTILITY 

1. Press to displ^ the UTILITIE S menus. 



2 . 



Press the soft key for 



Special 

Modes 



then the soft key for 



Remote Ctrl. 
Assistant 



RC ASSISTANT 

Log 1 

OFF i 



Errors Onl 



Full Dialog 
Log & RS232 



Turn to 

Scroll Log 
Push to Clear 



These menus will appear: 



3. Press either of the top two menu soft keys to select one of the 
following: 

Off — the RC Assistant will NOT capture any remote commands 

Errors Only — di^l^s only wrong or incomplete commands 
received via any remote control port (default after power-on). 

Full Dialog — captures all remote commands received via any 
remote control port and displ^s up to 100 lines of dialog, after 
which lines are overwritten on a "first- in, first- out" basis. 

Log & RS232 — logs the full dialog and sends it to a recording 
device connected to the RS-232 port. When this is used, commands 
can only be received via the G PIB port. 

(See also the commands comm_help and comm_help_log in 
the Remote Gontrol Manual.) 





4. Turn this knob to enable log scrolling; press this soft 
key to clear the log entirely. 
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Save WfeR/efomis in ASCII 

When you save waveforms to a Waverunner-2 internal memory (Ml, M2, M3, or M4) you save them in 
LeCroys special binary format. But you can also store your waveforms in ASCII format to a portable storage 
device such as floppy disk, PC memory card or hard disk card. You can then transfer the data to a PC for 
analysis with spread^eet or math software. 

In doing this you will create an output file reguiring 10-20 times the disk space of the original LeCroy binary 
file. A one-megabyte record will typically take up 13- 15 MB when stored in ASCII. And ASCII waveforms 
cannot be recalled back into the scope. 

The Waverunner-2 stores waveforms in any of three ASCII formats: Spreadsheet, Mathcad, or MATLAB. The 
following table summarizes the format of the three basic l^outs. You'U see how to set up to save in ASCII on 
the next pages, followed by examples of the use of each format. 



Format 


Header 


Time 


Amplitude 


a:QUENCE 


Multi- 


Dual 






Values 


Values 


Times 


&:gment 


Array 




Format 


Format 


Format 


Heads' 


Format 


Format 




includes 


stores time 


stores 


cmtains 


concatenates 


allows 




some form 


values with 


arrplitude 


sequaxetime 


multiple 


dual- array 




of header 


each 


values 


infomaticn 


segments of 


data 




before the 


arrplitude 




fir each 


a secjuence 


(Extrana 




data 


value 




sequaice 


TOvrform 


or corrplex 










segnat 




FFT) to be 














stored 


^readsheet 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Mathcad 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


MATLAB 


No 


No 

1 


Yes 


No 


Yes 


No 
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SAVE IN AN ASCII FORMAT 



Store waveforms in ASCII and save them to a floppy disk or optional storage device in the PC Card slot. Save 
in an ASCII data format such as Spreadsheet. Then transfer the data to PC. 

WAVE 




STORE FORMS 
f— Data Format— 1 



fiSCII 



(Spreadsheet ) 



Setup RSCII 
Format 

— Rut o-Store — 

18133 

Nrap Fill 



DO STORE 
Cl->Flpy) 




3. Then use these and the menus on the next page to save your di^layed 
waveform to a storage device in an ASCII data format 

Selects ASCII. 



Accesses the menu shown on the next page and setup for the preferred 
— ASCII format 

Selects or turn off automatic storing features: V\%ap stores continuously 
discarding the oldest files on a 'first-in: first-out" basis. Fill stores until 
the storage device is full. 

Saves the waveform selected to the portable storage device using the 
menus below. 




Selects the memory in which the waveform to di^l^ is 
stored. 




Selects the storage device on which the waveform will be 
stored: floppy disk (Flpy) is standard on all Waverunner-2 
models, while a PC memory card or hard disk card in the 
rear PC Card slot (Card) is an option. 
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RSCII SETUP 
f— Data Format— 1 




MathCad 
Mat lab 



j 



This menu is displayed when you select Setup ASCII Format from the menus 
shown on the previous page. 

Selects an A sen format 




o 

selections. 



PiESSiD go back to the STO RE W'FO RM menu and make other 
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Use ASCII Fomiats 

SAVE TO SPREADSHEET 

To read a waveform stored in the Spreadsheet format into Microsoft Excel, use: File -> Open dialog: 




Excel's Text Import Wizard will take you throu^ the following steps: 
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1. Select Delimited. 




2. The Spreadsheet format generated by Waverunner-2 
uses to delimit columns. Select Comma, as the 
delimiter. 




3. The third and final step allows you to ^edfy the 
format of the columns. Select die General Column 
data format (the default). 
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4. Click the Finish button: a di^l^ similar to this one will be shown: 



|X Microsoft Excel - Sc1001 


File Edit View Insert 


Format Tools Data Window Help 










■j Arial 


10 - B / U I 


^ ~= Ei3 d? o/ ♦ iO .00 r 

=-•=-= £13 ip 3 .00 4.0 = 




I HI jy 


= 








A 


B 


c 


D 






LECROYLC584AL 


10007 








2 


Segments 


1 


SegmentSize 


1002 




3 


Segment 


TrigTime 


TimeSinceSegmentI 






4 


#1 


14-Jul-1998 15:14:33 


0 






5 


Time 


AmpI 








6 


-5.03E-08 


0.062875 








7 


-4.98E-08 


0.062875 








8 


-4.93E-08 


0.061625 








9 


-4.88E-08 


0.06225 










-483E-08 


0.05975 










-4.78E-08 


0.060375 










-4.73E-08 


0.059125 










-4.68E-08 


0.0585 








ED 


.A RqF.nff 


n riF7fi7F 
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PLOT A WAVEFORM IN SPREADSHEET 

Plotting the data from a waveform will demand a scatter plot based on the data in the first two columns, with 
the first column used as the X values (from row 6 in this example): 



X Mkvioli: ChuI - Dt1(m 



^ F^rut iy»b Cau UnlCM bWP 

'□ fl a ib P ^ ^ 



5; 

i jm +j- 



m _ 



jflOflt - ^ 



Sbgmhfit 

Spgmr!* 



TrigTlme 

H-JUH990 is-ii-a 
Ampl P 



I SdjTianlSlJA 
Ti m F S he eSeyTHTt 1 



6 j -&[J3&D0 

7 I ..l»£n 6 DQQ 2 e 7 & 

3 jgBBtBDffilBS 

m je?6O8D0®?5 

111 jetoeoo6tJ37s 

13 J 73000 0 059136 

131 -Jiseeoaooses 

U\ .Jfi3£O0OQ57H7& 

15 ■4 50600 0056636 

ie .:<53eoa 005476 

17 i ■4 46608 0 054136 

19 1 .^4*-oeoo&5e?& 

19 ■4 36608 0051636 

20 -<3»OeOo<SiJS 

31 ■4 36600 00466 

ja74 f HWimiTy” 



Oijoe - 






- 


A 

f V 

i 1 


A 


Oj(V > 




tyta - 

ft® 1 
-ilf 


, / \ 

1 1 K 1 


£-lD 








\ ! \ 


1, cej - 








V V 


JtJXI - 







The header created for the spreadsheet contains all the information you'll need to extract various elements 
from a sequence waveform. Use the following formulae to extract information such as the start and end row of 
the data for a given segment, or the trigger time of a given segment: 

SegmentStartRow := (D esiredSegment * D2) + B2 + 5 

SegmentE ndRow := SegmentStartRow + D2 - 1 

TrigTime= INDIRECT(ADDRESS(D esiredSegment +3;2;4)) 

TimeSinceFirstTrig^ INDIRECT(ADDRESS(D esiredSegment +3;3;4)) 

Plotting the data from all segments using a scatter plot will result in all segments overlaid, as in the 
Waverunner-2's persistence displ^ of sequence traces. 
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USE MATH CAD 

These examples were created using MathSoft's Mathcad for Windows. Shown on this page is the procedure for 
reading and graphing a file for a sin^e segment; the example on page 198 is for multiple segments. 

This single-segment exanqile is valid for Mathcad Versions 3.1 to 7: 



A :=READPRNCme) 

K :=last(A''“^) 

A submatm(A,2,K,0, 1) 

t:=A<“> 

v:=A<^> 

K :=last(t) 
k :=0..K- 1 



Create a submatrix containing data but no header 

Extract time vector 

Extract amplitude vector 

Determine index of last point 

Create a ramp 
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This multi-segment Mathcad exanqjle demonstrates how to extract data from a given segment. The data 
consisted of two segments of three samples each, allowing the entire imported matrix to be shown: 



H««tj 41^4 lr(i4ii me 



■ :>RZADeeNri4ii]a]] 
ru = A.. I 3 

f 'I 

!iciLJp«-[ll 1 

llJ 



2 3 

] D 

2 W 

3 I 
■ ■ ] ] i 

i 2 3 
] II 
]] IL 
II 3 1 



TMlractinf a ^tvse ;;nfini!n1 

Tnlal number of in lr«re 

%_;i Number or In 

apirrt numbv 



F«F.ltUt .= L 4. njUITt!Ef 7 IHUVt« 4- f IhdOP fiiel nOrHC In uejlftvrt 

felted =fi!$fl«l4. feglEn.- 1 Induji Cflu-iL poht in uugmert 

wEtuPE- I SngononUnaaortrmo 






<k> 

U-.Z4 

I =s4'^sLm.. fEg^^ed 
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USE MATLAB 

This example was created using MathWorks' MATLAB Version 4.2c.l for Windows. You can read and graph a 
waveform in MATLAB by using two simple commands: the first loads the file into a matrix automatically 
named after the file (command window); the second plots this matrix ("Figure No. 1"): 



MATLAD Ccninsrtd Windc^^ 



£JH tiplloria. ^lnJQfwrs Help 






:;cmanU5 tn St jrtPd : itttrn, 

idfvidiids fdr fiOii'? 



Op Ip liplp 

yhatsfieu. infe. 



subscribe 



ItidJ .diI'^^£16DD.d.dt 

piDt(soi aaD> 




The MATLAB format is simple: it has no header information, only amplitude values Multiple segments will be 
appended without a separator. Only one value from the pair of amplitude values present in a dual-arr^ will be 
stored. 
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In this ch^ter, see how 
To up forhistogiaws 
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Chapter Thirteen 



Paiametas 



A Valuable Tool for Wbvefomi Analysis 

The WaveAnalyzer option added to your Wavemnner-2 oscilloscope provides a valuable tool for data analysis 
and the interpretation of measurement results: the histogram. With WAVA, histograms of waveform parameter 
measurements can be created, statistical parameters determined, and graphic features quantified for analysis. 

Statistical parameters such as mean, standard deviation and median are extremely useful, but alone are 
usually in^ficient for deterniining whether measured data distribution is as expected (see Chapters 4 and 
11). Histograms expand the use of parameters to enhance your understanding by offering visui 
assessment of this distribution and revealing: distribution type, such as normal or non-normal, helpful 
for determining whether the signal behaves as expected; distribution tails and extreme values, which 
can be observed, and which m^ be related to noise or other infrequent and non-repetitive sources; and 
multiple modes, observable and possibly indicative of multiple frequencies or amplitudes, which can be 
used to differentiate from other sources such as jitter and noise. 

SET UP FOR HISTOGRAMS 

Histograms are based on settings that include bin width and number of parameter events. The Waverunner-2 
scope with WAVA uses ^ecM parameters for determining histogram characteristics such as mean, median, 
standard deviation, number of peaks and most populated bin. 

But before you can create a histogram, you must first set up the parameters you have chosen: 




1. Press J then select Measure to display the MEASURE menus. 
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Parameters are used to perform waveform measurements for the section of a waveform lying between the 
parameter cursors (Fig 1.1, item O). The position of the parameter cursors is set using the fix)m and to menus, 
and controlled by the associated menu knobs. The top trace in the figure below shows a sine wave on which a 
fteq parameter measurement (©) is being performed, with a value of 202.442 kHz as the average frequency. 
The bottom trace shows a histogram of this parameter and a value of 201.89 kHz (©) — the average 
frequency of the data contained within the parameter cursors 




Figjrel.l 



4. 



Press the soft key to select 



CHANGE 

PARAMETERS 



and access the CHANGE PARAM menus 
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Parameters 



As shown in Figure 1.2, up to five parameters can now be selected, each di^layed on its own line below the 
grid. Categories are provided for related groups of parameter measurements. The freq measure parameter from 
the "Cyclic" category for Trace 1, previously selected, is di^layed on Line 1 as fteq(1 ) (Item O). The an/g 
measure parameter from the " Statistics" category for Trace A is displ^ed on Line 2. This category provides 
histogram parameters, while avg offers the mean value of the imderlymg measurements for the Trace A 
histogram section within the parameter cirrsors (@), shown as "avg(A)" in ©. Additional parameter 
measurements can be selected from "Category" and "measure". No parameters have been selected for Lines 3 
to 5 

5. After selecting a category, choose a parameter from the "measure" menu. Then select the parameter 
display line from the "0 n line" menu. 



6-flpr-95 29° 




2 ps 

0.5 V 5Bii 
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average cF data values in histagnan 



CHRNGE PRRRM 

On 1 i ne — 

10 3 4 5 



—Category — 
Hor i zonta 1 L | 
M i sc 
Pu 1 se 



Statistics 



Vert i ca 1 



DELETE DLL 
PRRRMETERS 



Fiiihm 
Fijjxx 
hanp 1 



oF 

12 3 ^ 
Q B C D 



50 MS/s 
□ STOPPED 



Figjrel.2 

If a parameter has additional settings that you must supply in order to perform measurements, the MORE 
'xxxx' SETUP menu appears. But if no additional settings are required the DELETE ALL PARAMETERS 
menu appears, as shown here: pressing the associated menu soft key clears the results in all five lines of 
parameters. 
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Parameter-Value Calculation and Display 

WlHiyiiareiKtuangpaastHxe thedgiayfcriipit(iianndsdxMsthecq*urHiTO\^xmcf a^e 
SW051 Fcr im- 90 giHted wavtfms thedgiay is icfaiical to a ^eacquiatiai But wth segTHted 
the result cf a an^eaaquiaticn fcr all segnaits is d^apd 




TlB\duedi^apdfcra(hc 8 aiparairetH'dgHidscnvhetha'''statisticd' ismacff. AirirnwhethretheTO^rmis 
segiHted The^etv»fectcreina!ddtimtotheparaIretirecho8aldetamIBv^hethffresultsareprodddfcra3Il^eacquiaticn 
(ttig^) crmltipleacquiaticiis Inathffcase oiytlBwa\rfxmsadimbetvw3itheparairetffcuiHisisu30d 

If tlBwa\^imsaureBisanHiiiy(Ml, M2, M3, crM4) thailcMngaiBvv^avtfimiiitonHiiiyadsasatrigcp'aiid 
SA 051 This also ^^iies whai the v\a\tfamsaureBis a zcxmcf an irpjt diannd, and vto a newsegnat cr the "A U Segnatd' 
nmiissdedHi 

With "statistic^' c£f, theparamdH'reaitsfcrthelastacquiaticnaredi^apd This cnre^iiids to results fcr thelastsegnat fcr 
s 0 gnaMv«\^imswthalls 0 gnaitsdi^a 5 «i Fcrzcxintraffiscf s 0 giHiti 0 dwa\rfaire ^ahcncf an individual segnatgres 
theparaniEtia\ 0 luefcrthedigiapipcrticiicf thesegnatlrtvwaitheparamEtiacuiHrs Sdaticncf 'AUSegnai^' proades 
theparanrba results fcunthelast segnat in the trace 

With "statistic^' oi, and vtoetheparanrta doe net use two wav^mn in calcrilatinga result (zlcly zlttalv), results are droMi 
fcraUacrpaticiisancetheCLEAR SWEEPS butten was last pressed If the pararneta uses two wavtfme theresdtef 
orrparingcnly the last segnat pa swegr fcr each v«\^irncciitrilrites to thestatistics 

ThestatishefcrthesdatedsegnataredigiapifcrzcxintracEscf segnartedwavtfrtre Sdaticncf anewsegnatcr'All 
Segnatd' actsasarHvscwgrarritheparanietiacalculaticnsfcrthenewsegrHitls) crntributetothestatistica 

DqHidingcnthepararneta, siri^ecrrriltiplecalculaticns can bepafcrrned fcr each aoquiaticn Ecrecarrple thepaiod 
parkneba calculates a paiod\elue fcr each cf iptothefirst 50 cjdeinanacquiaticn Wharmltiplecalculaticnsare 
pafcrrned with "Statistic^' 0#thepararnetaresultdrcMstheawacp\Qluecf thesecalculaticns WhaeasO/idi^ajsthe 
avea^ Icmj hi^ and agna \alues cf all thecalcdaticns 
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InFigjrel3, bdcwthei^pfftiBCBdxMsthepasstHKBdi^aycf aagBl. TheiiitialsLig^cniscf finjuaxy drift in the 
agBlsouraTlBlcwtiBCBdxMsahistiogamcf teftHju^asmeaajrHiiythecHillc]^^ 




Figirel.3 



This histogamindicates two fiequaxy distrihuhcns wth doiinait fiequaxies sgsrated ty 4000 Hz. Thaearetwo distind; and 
nanBl lockingdistributiais wthout wde\ariatiax wthineadicf thetwo Wecancoxlixtethatthanaretwodcmnant 
ftequaxies If the pixUan wan Mated to ftnpaxy drift, thedistribuhmwiildhaveataxfaxytobetrada; ncn-ncrnBlin 
^paraixe andnonBllythaewaidnot betwodstinct distrihuticiis 

Afta'atrirf visiManaljas the meaajranaft aims and statistical parametas can be used to detairineadditiaBlcharadHistics 
cf cistributicii, indidngthenxBtcnmmftHjjaxyineacliclistrihuticiiandthegiffidcf eachdistributiai 
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PaiameberMath 



LeCroys WaveAnalyzer option also gives you the ability to perform arithmetic operations (addition, 
subtraction, multiplication, division) on the results of two parameter measurements By customizing parameters 
in this way, you can effectively extend the range of parameter measurements based on your particular needs. 

For example, suppose you need to measure the crest factor of a waveform. Traditionally, you would select the 
peak-to-peak and rms parameters, then manually compute the ratio of peak-to-peak to rms Figure 1.7, on the 
other hand, shows how parameter math was us^ to configure crest factor as a calculated parameter. The list of 
custom parameters comprises 5 calculated parameters labeled calcl through calc5. 




Figjrel.7. CaloiatedparamEtHsallowthecreaticncf aistanparamdHS Haecalcl issd ip to measureaestfedicr (peak-to- 

peak/ rms). 

Selecting the calculated parameter calclfrom the "measure" parameter menu allows you to set it up, as shown 
in Figure 1.8. Here the parameters, source waveforms, and arithmetic operator can be selected. The calcl 
parameter has been set up to di^lay the ratio of peak-to-peak to rms for channel 2. This is shown in the 
"calcl" summary box imder the grid 
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Figjrel.8. DdringCald to Read the Crest Factcrcf Channd 2 



The five calculated paiumeters compute new parameters based on any two parameters operating on any 
combination of the acquisition channels or math/ zoom traces. The source parameters do not have to be 
displayed. 

Figure 1.9 is an example of setting up a direct measurement of the modulation index of an FM signal. Phase 
modulation has been performed using the JitterTrack™ of time interval error (TIE) of the input signal from 
channel 2. Differentiation and rescaling convert the TIE function into the demodulated EM signal. The TIE 
function is multiplied by the carrier frequency of 400 MHz. This results in a display of frequency deviation 
versus time. Because the ratio of V 2 the peak-to-peak frequency deviation is required for the EM modulation 
index, TIE must also be divided by 2. All this is done in Trace D, using the rescde function to multiply by 2*E® 
(400 MHz/ 2). In general, all additive or multiplicative constant operations in the calculated parameters require 
the rescale function. (In this example the rescale operation was required anyw^.) 

Eigure 1.10 shows the setup of calculated parameter calc5 to read the EM modulation index by taking V 2 the 
peak-to-peak frequency deviation divided by the modulation frequency. Both parameters are derived from 
trace D. 
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Part III: WaveAnalyzer 
LOGARITHMIC PARAMETERS 

The Parameter Math option prevents multiplication and division of parameters that return logarithmic values. 
These parameters are as follows: 

• auto-correlation signal-to-noise ratio (ACSN) 

• narrow-band power (NBPW) 

• media signal-to-noise ratio (MSNR) 

• residual signal-to-noise ratio (RSNR) 

• top-to-base ratio when the units are in dB (TBR) 

EXCLUDED PARAMETERS 

Parameters that are already the result of parameter math operations are excluded, and will not appear in the 
parameter menu. If they are included in a remote control setup command, an error message is generated and 
the setup canceled. 

• Excluded parameters are as follows: 

• beginning edge shift (BE S) 

• beginning edge shift - list (BE S) 

• beginning edge shift sigma (BESS) 

• beginning edge shift sigma - list (BE SS) 

• delta clock- to-data near (DC2D) 

• delta clock- to-data next (D C2D PO S) 

• delta clock- to-data previous (D C2D NE G ) 

• delta del^(DDLY) 

• delta pit- to-clock(DP2C) 

• delta pit- to-clock- list (DP2C) 

• delta pit- to-clock sigma (D P2CS) 

• delta pit-to-clock sigma - list (D P2CS) 

• delta time at level (DTLE V) 

• end edge shift (EES) 

• end edge shift - list (EES) 

• end edge shift sigma (E ESS) 

• end edge shift sigma - list (E E SS) 

• phase (PHASE) 

• resolution (RES) 

• apparent power (APWR) 

• mTnTmT shift (BEES) 

• mTnTmT shift sigma (BE ESS) 

• mTnTmT shift sigma - list (BEESS) 

• power factor (PE) 

• real power (RPWR) 
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TO SET UP PARAMETER MATH 

1. Press Measure Tools. 

2. Press the button for "Parameters." The MEASURE menu panel appears. 

3. Erom the "mode" menu, select Custom. 

4. Press the button for "Change Parameters." The CHANG E PARAM menu panel appears. 

5. Prom the " 0 n line" menu, select the line (1 through 5) below the grid on which you want to show the 
calculation result. 

6. Prom the "Category" menu, select All. 

7. Prom the "measure" menu select, calcx (calclthrou^ calc5). 

8. Press the button for "More Calcx Setup." The SETUP CALCx menu panel appears. 

9. If the current calc parameter is already defined and you want to redefine it, press the button for "CLEAR 
THIS PARAMETER." 

10. Prom the "Operation" menu, select an arithmetic operator (+, / ). 

11. To set the first parameter in the ecjuation, select Paiamlfrom the "Select" menu. Then choose a 
parameter from the "Parameter" menu. 

12. Set the second parameter in the eguation by selecting Paim2 from the " Select" menu. Then choose a 
parameter from the "Parameter" menu. Your eguation will appear in the summary box below the grid. 

C9 
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Chapter Fourteen 



Making Histograms 



CiBatB and View a Histogram 



Create your histogram as you would any other Math function: by defining trace A, B, C, or D as the function. 
Having connected your signal to a Waverunner-2 channel (Channel 1 in this example), do the following: 

1. Press ’ to select CHANNEL 1 and displ^ the basic Waverunner-2 menus. 

2. Press the button to 



ZOOM 



and 



to make Trace A a zoom of Channel 1. 



3. Press the button for 



SETUP 



1 


— use Math? — 


and select 


No B 



to display SETUP 0 E A. 



SETUP OF n 
— use Math? — 

No Bags 



MORE 

HIST SETUP 



|H1eth Type- 

Functions 
Jitter 



Pen .Hist 
Pen .Trace 



FIND CENTER 
RND NIDTH 

— Histogram — 
custom line 1 
amp Hi ) 

r—usinq up to— i 
1000 

(values ) 



4. Use these and the menus on the following pages to set up your histogram. 



Enables math. 



Selects Histogram. 



_ Selects parameters and further configure the histogram (see next 
_fl| page). 



Calculates optimal center- and bin- width values for the histogram. 




Selects the parameter line to be used in the histogram. 




Selects — using button or knob — the number of 
values in the histogram. When the maximum of two 
billion values is exceeded, the parameter results will 
scroll off the histogram. 
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TIP: As with an^otim'bm^e, position 
and &qmid your histogram using 
POSITION and ZOOM kruAs 




POSITION 






POSITION 



Adjusts either the histogram binning or scale settings. When Binning 
is selected, the menus shown here appear. 
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HISTOGRAM f) 



— Setup- 
Binning 



Scale 



vent ice 1- 
Log 



L ineen 



L inConstMax 



PARAMETER 

SETUP 



FIND CENTER 
AND NIDTH 

— Center 



+6.49272 



6 digits 

— Nidth — 
5D.DD 
(pen div) 



Adjusts either the histogram braning or scale settings When Scale is 
selected, the menus shown here appear (see page 223). 

Sets the vertical scale: Linear sets a linear vertical scale, Log a 
logarithmic vertical scale, and LinConstMax sets the vertical scaling to a 
linear value that uses close to the full vertical displ^ c^ability of the 
instrument 

The Waverunner-2 automatically increases the vertical scale setting as 
required, ensuring that the highest histogram bar does not exceed the 
vertical screen display limit 

Selects parameters and configure the histogram. 



Calculates optimal center- and bin- width values for the histogram. 




Sets the histogram center value. 




Sets the histogram width value per division. The width 
per division multiplied by the number of horizontal 
display divisions (ten) determines the range of 
parameter values centered on the number in the 
"Center" menu, used to create the histogram. 
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Figure 2.1, below, shows the displ^ when "Histogram" is selected from the "Math Type" menu. The freq 
parameter only has been defined. To define additional parameters, select from the "Histogram custom line" 
menu. 




Figure 2.1 

E ach time a waveform parameter value is calculated you can place it in a histogram bin. The maximum number 
of such values is select^ from the "using up to" menu. Pressing the associated menu button or turning the 
knob allows you to select a range from 20 to two billion parameter value calculations for histogram displ^. 
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5. N ow, press ^ to displ^ the histogram, for a display similar to that shown in Figure 2.2. 




Figure 2.2 



E ach histogram is set to capture parameter values falling within a specified range. As the scope captures the 
values in this range the bin counts will increase. Those values not falltng within the range are not used in the 
histogram. 

Information on the histogram is provided in the Displayed trace field (Item O) for the selected trace, which 
shows: 

The current horizontal per division setting for the histogram ("1 Hz" in this example). The unit type used 
is determined by the waveform parameter type on which the histogram is based. 

The vertical scale in #bin counts per division (here, "200 m"). 

The number of parameter values that fall within the range ("inside 0") 

The percentage that fall below ("•^0%") 

The percentage of values above the range ("100%^"). 
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The previous figure shows that 100% of the captured events are above the range of bin values set for the 
histogram. As a result, the baseline of the histogram graph (©) is di^layed, but no values appear. 

Selecting the "FIND CENTER AND WIDTH" menu calculates the optimal center and bin-width values, 
based on the up-to-the-most-recent parameter values calculated. Choose the number of parameter calculations 
with the "using up to" menu (or 20 000 values if this is greater than 20 000). Eigure 2.3 ^ows a typical result. 



25-flpr-95 30° SETUP OF f) 




f— using up to— i 
1000 
Cuolues) 



0.5 U 50!3 

2 1 U PC 

3 50 n0 00 



pfi:HFreq(l) 



10000 -> 100 pts 



500 MS/s 
□ ST0PPE0 



Figure 2.3 

If the trace on which you have made the histogram is not a zoom, all bins with events will be di^l^ed. 



RESET 

0 therwise, you can press to reset the trace and di^l^ all histogram events 

The Information Window (Item O) at the bottom of the previous figure shows a histogram of the freq 
parameter for Channel 1 (designated as "A:Hfreq(l)") forTrace A.The "1000 100 pts" in the window 

indicates that the signal on Channel 1 has 1000 waveform acquisition samples per sweep and is being mapped 
into 100 histogram bins 
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SETTING BINNING AND SCALE 

The "Setup" menu allows modification of either the "Binning" or the histogram "Scale" settings. If "Binning" 
is selected, the "classify into" menu appears, as shown in the figure above. 

The number of bins used can be set from a range of 20 to 2000 in a 1-2-5 sequence, by pressing the 
corresponding menu button or turning the associated knob. 

If "Scale" is selected from the "Setup" menu, a screen similar to that of Figure 2.4 wUl be di^layed. 
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Figure 2.4 

The following options are offered by the "vertical" menu for setting the vertical scale: 

Linear sets the vertical scale as linear. The baseline of the histogram designates a bin value of 0. As the 
bin counts increase beyond that which can be displ^ed on screen using the current vertical scale, this scale 
is automatically increa^ in a 1-2-5 sequence. 
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LinConstMax sets the vertical scaling to a linear value that uses nearly the full vertical displ^ capability of 
the scope (Fig 2.6). The height of the histogram will remain almost constant. 




Figure 2.6 



For any of these options, the scope automatically increases the vertical scale setting as required, ensuring the 
highest histogram bin does not exceed the vertical screen displ^ limit. 

The "Center" and "Width" menus allow you to specify the histogram center value and width per division. The 
width per division times the number of horizontd display divisions (10) determines the range of parameter 
values centered on the number in the Centiermenu, u^ to create the histogram. 

In the previous figure, the width per division is 2.000 x 10^ (Item O). As the histogram is of a frequency 
parameter, the measurement parameter is in hertz. 

The range of parameter values contained in the histogram is thus ( 2 kHz/ division) x (10 divisions) = 20 kHz, 
with a center of 2.02 E +05 Hz (0). 

In this example, all freq parameter values within 202 kHz ± 10 kHz — from 192 kHz to 212 kHz — are used 
in creating the histogram. The range is subdivided by the number of bins set by the user. Here, the range is 
20 kHz, as calculated above, and the number of bins is 100. Therefore, the range of each bin is: 

20 kHz / 100 bins, or 

0.2 kHz per bin. 
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The "Center" menu allows you to modify the center value's mantissa — here 2.02 — exponent (E +05), or the 
number of digits used in specifying the mantissa (three). The di^l^ scale of 1 kHz/ division, shown in the 
Trace Displ^ Field, is indicated by © . This scale has been set using the horizontal zoom control and can 
expand the scale for visual examination of the histogram trace. 

The use of zoom in this way does not modify the range of data acquisition for the histogram, only the display 
scale. The range of measurement acquisition for the histogram remains based on the center and width scale, 
resulting in a range of 202 kHz ± 10 kHz for data acquisition. 

The width or division can be incremented in a 1-2-5 sequence by selecting "Width." 



CHOOSING HISTOGRAM PARAMETERS 

Once you have created the histogram, you can select additional parameter values for measuring particular 
attributes of the histogram itself. 

6. Press the button to select and access the CHANGE PARAM menus (Fig. 2.7). 




Figure 2.7 
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You can now select new parameters modify those already selected. In the figure on the previous page, the 
histogram parameters maxp and mode (Item O) have been selected. These determine the count for the bin 
with the hipest peak, and the corresponding horizontal axis value of that bin's center. 

Note that both "maxp" and "mode" are followed by "(A)" on the di^l^. This designates the measurements as 
being made on the signal on Trace A. Also of note: 

The value of "maxp(A)" is "110 #", indicating the hipest bin has a count of llOevents. 

The value of mode(A) is "203.90 kHz", indicating that this bin is at 203.90 kHz. 

The ^ icon to the left of "mode" and "maxp" parameters indicates that the parameter is being made on a 
trace defined as a histogram. 

However, if these parameters were to be inadvertently set for a trace with no histogram they would show 

USING MEASUREMENT CURSORS 

You can use cursors (see Chapter 4) to select a section of a histogram on which a parameter is to be calculated. 
Figure 2.8 below shows the average, "avg(A)" (Item O) of the distribution between the parameter cursors for a 
histogram of the frequency ("freq") parameter of a waveform. The parameter cursors (@) are set "from" 4.70 
divisions (©) "to" 9.20 divisions (O) of the di^lay. 




Figure 2.8 
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NOTE: It is wcowwended that you use cursors only alter the irg)ut waveform acquisition has been 
completed. Otlmwise, the cursors will also select the portion of tiieirqmt waveform used to 
calculate the parameter durinq acquisition, creatir^ a histogram with only the local pararr^ter . — 
values fertile selected waveform portion. ~ 



Cursors are useful for deterrairiing the value and population of selected bins. Figure 2.9 shows an absolute time 
cursor (Item O) positioned on a selected histogram bin. The value of the bin (©) and the population of the bin 
(©) are also shown. 




Figure 2.9 



A histogram's range is represented by the horizontal 
width of the histogram baseline. As the histogram is 
repositioned vertically the left and right sides of the 
baseline can be seen. In the above figure, the left edge of 
the range is visible (O). 




228 



I SSUE D : January 2002 



WR2-OM-E RevC 







Chapter Fourteen: Making Histograms 



ZOOMING SEGMENTED TRACES 

You can also displ^ histograms of traces that are zooms of segmented waveforms When a segment from a 
zoomed trace is selected, the histogram for that segment will appear. Only the portion of the segment 
displayed and between the parameter cursors will be used in creating the histogram. The respective displ^ed 
trace field will show the number of events captured for the segment. 
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Chapter Fifteen 



How Histograms Work 



Theory of Opeiation 

An understanding of statistical variations in parameter values is needed for many waveform parameter 
measurements Knowledge of the average, rninimirm, maximum, and standard deviation of the parameter m^ 
often be enou^, but in many cases you may need a more detailed imderstanding of the distribution of a 
parameter's values. 

Histograms allow you to see how a parameter's values are distributed over many measurements They do this by 
dividing a range of parameter values into sub-ranges called bins. Maintained for each bin is a count of the 
number of parameter values — events — that fall within ranges of the bin itself 

While such a value range can be infinite, for practical purposes it need only be defined as large enough to 
include any realistically possible parameter vine. For example, in measuring TTL high-voltage values a range of 
±50 V is unnecessarily large, whereas one of 4 V ±2.5 V is more reasonable. It is the 5 V range that is then 
subdivided into bins. And if the number of bins used were 50, each would have a range of 5 V/ 50 bins or 
0.1 V/ bin. Events falling into the first bin would then be between 1.5 V and 1.6 V. While the next bin would 
capture all events between 1.6 V and 1.7 V, and so on. 

After a process of several thousand events, the bar graph of the count for each bin — its histogram — 
provides a good imderstanding of the distribution of values Histograms generally use the 'x' axis to show a 
bin's sub-range value, and the 'y' axis for the count of parameter values within each bin. The leftmost bin with 
a non- zero count shows the lowest parameter value measurement(s). The vertically highest bin shows the 
greatest number of events falling within its sub-range. 

The number of events in a bin, peak or a histogram is referred to as its population. F igure 4.1 shows a 
histogram's highest population bin as the one with a sub-range of 4.3 to 4.4 V (which is to be expected of a 
TTL signal). 

Count 

40 - 

30 - 

20 - 



10 



2 3 3.15 ^ f 

Range 

Figure 4.1 
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The lowest- value bin with events is that with a sub-range of 3.0 to 3.1 V. As TTL hi^ voltages need to be 
greater than 2.5 V, the lowest bin is within the allowable tolerance. However, because of its proximity to this 
tolerance and the degree of the bin's separation from all other values, additional investigation may be reguired. 

DSO PROCESS 

The Waverunner-2 digital storage oscilloscope (D SO ) with WAVA generates histograms of the parameter 
values of input waveforms But first, you must define the following: 

1. The parameter to be histogrammed 

2. The trace on which the histogram is to be displ^ed 

3. The maximum number of parameter measurement values to be used in creating the histogram 

4. The measurement range of the histogram 

5. The number of bins to be used 

Once these are defined, the oscilloscope is ready to make the histogram. The sequence for acquiring histogram 
data is as follows: 

1. Trigger 

2. Waveform acquisition 

3. Parameter calculation(s) 

4. Histogram update 

5. Trigger re-arm. 

If you set the timebase for non-segmented mode, a single acquisition occurs prior to parameter calculations 
However, in Sequence mode an acquisition for each segment occurs prior to parameter calculations If the 
source of histogram data is a memory, saving new data to memory effectively acts as a trigger and acquisition. 
Because updating the screen can take much processing time, it occurs only once a second, rninirnizing trigger 
dead time. Under remote control the display can be turned off to maximize measurement speed. 

PARAMETER BUEEER 

The oscilloscope maintains a circular parameter buffer of the last 20 000 measurements made, including values 
that faU outside the set histogram range. If the maximum number of events to be used for the histogram is a 
nirmber 'N' less than 20 000, the histogram will be continuously updated with the last 'N' events as new 
acquisitions occur. If the maximum number is greater than 20 000, the histogram will be updated until the 
nirmber of events is equal to 'N.' Then, if the number of bins or the histogram range is modified, the scope 
will use the parameter buffer values to redraw the histogram with either the last 'N' or 20 000 values acquhed 
— whichever is the lesser. The parameter buffer thereby allows histograms to be redispl^ed, using an acquired 
set of values and settings that produce a distribution shape with the most useful information. 
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In many cases the optimal range is not readily apparent. So the scope has a powerful range finding function. If 
required it will examine the values in the parameter buffer to calculate an optimal range and redispl^ the 
histogram using it. The Waverunner-2 will also give a running count of the number of parameter vdues that 
fall within, below, or above the range. If any values fall below or above the range, the range finder can then 
recalculate to include these parameter values, as long as they are still within the buffer. 

CAPTURE OF PARAMETER EVENTS 

The number of events captured per waveform acquisition or displ^ sweep depends on the parameter type. 
Acquisitions are initiated by the occurrence of a trigger event. Sweeps are equivalent to the waveform captured 
and displayed on an input channel (1, 2, or 3 or 4). For non-segmented waveforms an acquisition is identical to 
a sweep. Whereas for segmented waveforms an acquisition occurs for each segment and a sweep is equivalent 
to acquisitions for all segments Only the section of a waveform between the parameter cursors is us^ in the 
calculation of parameter values and corresponding histogram events. 

The following table provides a summary of the number of histogram events captured per acquisition or sweep 
for each parameter, and for a waveform section between the parameter cursors 



Parameters 

(plus others, DEPENDtNG ON OPXrONS) 


Number oe Events Captured 


1 data 


AU data values in the region analyzed. 


duty, fteq, period, width, 


Up to 49 events per acquisition. 


atirpl, area, base^ cniea^ cmedian, aniE^ csder; cyde^ 
delay, du^ first maximum, meati, mediate 

iniiiiniitn irl^ iibpw, ouerf, ouer-, liiase^ 
poiit% imsi sdey Adly, At@ Iv 


0 ne event per acquisition. 


* f@ level, f80-20%, fall, i@ level, r20-80%, rise 


Up to 49 events per acquisition. 



HISTOGRAM PARAMETERS 

Once a histogram is defined and generated, measurements can be performed on the histogram itself. Typical of 
these are the histogram's 

average value, standard deviation 

most common value (parameter value of highest count bin) 

leftmost bin position (representing the lowest measured waveform parameter value) 

ri^tmost bin (representing the highest measured waveform parameter value) 
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Histogram parameters are provided to enable these measurements Available through selecting "Statistics" from 
the "Category" menu, they are calculated for the selected section between the parameter cursors (for a full 
description of each parameter, see Chapter 4): 

avg average of data values in histogram 

fwhm full width (of largest peak) at half the maximum bin 

fwxx full width (of largest peak) at xx% the maximum bin 

hangrl histogram amplitude between two largest peaks 

hbase histogram base or leftmost of two largest peaks 

high hipest data value in histogram 

hmedian median data value of histogram 

hims rms value of data in histogram 

htop histogram top or li^tmost of two largest peaks 

low lowest data value in histogram 

maxp population of most populated bin in histogram 

mode data value of most populated bin in histogram 

pctl data value in histogram for which specified 'x'% of population is smaller 

pks number of peaks in histogram 

range difference between hipest and lowest data values 

sigma standard deviation of the data values in histogram 

totp total population in histogram 

x^k x-axis position of ^ecified largest peak 

ZOOM TRACES AND SEGMENTED WAVEEORMS 

Histograms of zoom traces display all events for the displayed portion of a waveform between the parameter 
cursors. When dealing with segmented waveforms, and when a single segment is selected, the histogram will be 
recalculated for all events in the displayed portion of this segment between the parameter cursors. But if "All 
Segments" is selected, the histogram for all segments will be displ^ed. 

HISTOGRAM PEAKS 

Because the shape of histogram distributions is particularly interesting, additional parameter measurements are 
available for andyzing these distributions They are geneMy centered around one of several peak value bins, 
known, with its associated bins, as a histogram peak. 



234 



I SSUE D : January 2002 



WR2-OM-E RevC 




Chapter Fifteen: How Histograms Work 



Exanqile: In Figure 4.2, a histogram of the voltage value of a five-volt amplitude square wave is centered 
around two peak value bins: 0 V and 5 V. The adjacent bins signify variation due to noise. The graph of the 
centered bins shows both as peaks 




Figure 4.2 



D etermining such peaks is very useful because they indicate dominant values of a signal. 

However, signal noise and the use of a high number of bins relative to the number of parameter values 
acquired, can give a jagged and ^iky histogram, making meaningful peaks hard to distinguish. The scope 
andyzes histogram data to identify peaks from background noise and histogram definition artifacts sudi as 
sm^ g^s, which are due to very narrow bins. 

For a detailed description on how the scope determines peaks see the pks parameter description in Chapter 4. 

BINNING AND MEASUREMENT ACCURACY 

Histogram bins represent a sub-range of waveform parameter values, or events The events represented by a 
bin may have a value anywhere within its sub-range. However, parameter measurements of the histogram itself, 
such as average, assume that all events in a bin have a single value. The scope uses the center value of each bin's 
sub-range in aU its calculations The greater the number of bins used to subdivide a histogram's range, the less 
the potential deviation between actual event values and those values assumed in histogram parameter 
calculations 

Nevertheless, using more bins may require that you perform a greater number of waveform parameter 
measurements, in order to populate the bins sufficiently for the identification of a characteristic histogram 
distribution. 

In addition, very fine grained binning will result in gaps between populated bins that m^ make it difficult to 
determine peaks 
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The oscilloscope's 20 000- parameter buffer is very effective for deterrmning the optimal number of bins to be 
used. An optimal bin number is one where the change in parameter values is insignificant, and the histogram 
distribution does not have a jagged appearance. With this buffer, a histogram can be dynamically redi^layed as 
the number of bins is modified by the user. In addition, depending on the number of bins selected, the change 
in waveform parameter values can be seen. 

W’ 
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HistogiamPaiametas 



avg 

Definition: 

Description: 



Exanqile:: 



Average 



Average or mean value of data in a histogram. 

The average is calculated by the fonmila: Avg = 

n n 

^(bin count)i (bin value)i / ^(bin count)i , 

i=l i=l 

where n is the number of bins in the histogram, bin count is the count or height of a 
bin, and bin value is the center value of the range of parameter values a bin can 
represent. 




The average value of this histogram is: ( 4.1 * 2 + 4.3 * 3 + 4.4 * 1) / 6 = 4.25. 
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fvvtim 

Definition: 



Description: 



Exanq)le: 



Full Width at Half Maximimi 



D etermines the width of the largest area peak, measured between bins on either side 
of the hipest bin in the peak that have a population of half the hi^est's population. 
If several peaks have an area equal to the maximum population, the leftmost peak is 
used in the computation. 

First, the highest population peak is identified and the height of its highest bin 
(population) determined (for a discussion on how peaks are determined see the pks 
parameter Description:). Next, the populations of bins to the li^t and left are 
found, until a bin on each side is found to have a population of less than 50% of that 
of the hipest bin's. A line is calculated on each side, from the center point of the 
first bin below the 50% population to that of the adjacent bin, towards the highest 
bin. The intersection points of these lines with the 50% height value is then 
determined. The length of a line connecting the intersection points is the value for 
fwhm. 
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fvvxx 

Definition: 



Description: 



Parameter Settings: 



Exanqile: 



Full Width at xx% Maximum 



D etermines the width of the largest area peak, measured between bins on either side 
of the hipest bin in the peak that have a population of xx% of the hi^est's 
population. If several peis have an area equal to the maximum population, the 
leftmost peak is used in the computation. 

First, the highest population peak is identified and the height of its highest bin 
(population) determined (see the pks Description:). Next, the bin populations to the 
right and left are found until a bin on each side is found to have a population of less 
than xx% of that of the highest bin. A line is calculated on each side, from the center 
point of the first bin below the 50% population to that of the adjacent bin, towards 
the highest bin. The intersection points of these lines with the xx% height value is 
then determined. The length of a line connecting the intersection points is the value 
for fvvxx. 

Selection of the fivxx parameter in the "CHANGE PARAM" menu group causes 
the "MORE fwxx SETUP" menu to appear. Pressing the corre^onding menu 
button displays a threshold setting menu that enables you to set the 'xx' value to 
between 0 and 100% of the peak. 



fvvxx with threshold set to 35%: 
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hanq)l 

Definition: 



Description: 



Exanqile: 



Histogmm Amplitude 



The difference in value of the two most populated peaks in a histogram. This 
parameter is useful for waveforms with two piimaiy parameter values, such as TTL 
voltages, where hanq>l would indicate the difference between the binary T and '0' 
voltage values. 

The values at the center (line dividing the population of peak in half) of the two 
highest peaks are determined (see pks parameter description:). The value of the 
leftmost of the two peaks is the histogram base (see hbase). While that of the 
rightmost is the histogram top (see htop). The parameter is then calculated as: 

hampl = htop - hbase 




In this histogram, hanqil is 152 mV - 150 mV = 2 mV. 
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Hbase 

Definition: 



Description: 



Exanqile: 



Histogram Base 



The value of the leftmost of the two most populated peaks in a histogram. This 
parameter is primarily useful for waveforms with two primary parameter values such 
as TTL volt^es where hbase would indicate the binary '0' voltage value. 

The two highest histogram peaks are determined. If several peaks are of equal hei^t 
the leftmost peak among these is used (see pks). Then the leftmost of the two 
identified peaks is selected. This peak's center value (the line that divides the 
population of the peak in half) is the hbase. 




hbase 
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high High 

Definition: The value of the rightmost populated bin in a histogram. 

Description: The ri^tmost of aU populated histogram bins is determined: high is its center value, 

the highest parameter value shown in the histogram. 
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hmedian 

Definition: 

Description: 

Exanqile: 



Histiogiain Median 



The value of the 'x' axis of a histogram, dividing the histogram population into two 
equal halves. 

The total population of the histogram is determined. Scanning from left to right, the 
population of each bin is summed until a bin that causes the sum to equal or exceed 
half the population value is encountered. The proportion of the population of the 
bin needed for a sum of half the total population is then determined. Using this 
proportion, the horizontal value of the bin at the same proportion of its range is 
found, and returned as hmedian. 



The total population of a histogram is 100 and the histogram range is divided into 20 
bins. The population sum, from left to right, is 48 at the ei^th bin. The population 
of the ninth bin is 8 and its sub-range is from 6.1 to 6.5 V. The ratio of counts 
needed for half- to total-bin population is: 

2 counts needed / 8 counts = .25 

The value for hmedian is: 

6.1 volts -1- .25 * (6.5 - 6.1) volts = 6.2 volts 



WR2-OM-E Res C 



I SSUE D : January 2002 



243 




H I STO G RAMS 



hrms 

Definition: 

Description: 



Exanqile: 



Histiograin Root Mean Squaie 



The rms value of the values in a histogram. 

The center value of each populated bin is squared and multiplied by the population 
(hei^t) of the bin. All re^ts are summed and the total is divided by the population 
of all the bins. The square root of the result is returned as hrms. 



Using the histogram shown here, the value for hrms is: 
hrms = .y^(3.5^*2 + 2.5^*4)/6 = 2.87 
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htop 

Definition: 



Description: 



Exanqile: 



HistjogmmTop 

The value of the rightmost of the two most populated peaks in a histogram. This 
parameter is useful for waveforms with two primary parameter values, such as TTL 
voltages, where htop would indicate the binary 1' voltage value. 

The two highest histogram peaks are determined. The rightmost of the two 
identified peaks is then selected. The center of that peak is htop (center is the 
horizontal point where the population to the left is equal to the area to the right). 



peak #1 




htop 
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low 

Definition: 

Description: 

Exanqile: 



Low 



The value of the leftmost populated bin in a histogram population. It indicates the 
lowest parameter value in a histogram's population. 

The leftmost of all populated histogram bins is determined. The center value of that 
bin is low. 



count 




Low 



In this histogram low is 140 mV. 
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maxp 

Definition: 

Description: 

Exanqile: 



Maximimi Population 

The count (vertical value) of the highest population bin in a histogram. 

Each bin between the parameter cursors is examined for its count. The highest 
count is returned as maxp. 



maxp 




Here, maxp is 14. 
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mode 

Definition: 

Description: 



Exanqile: 



Mode 



The value of the highest population bin in a histogram. 

Each bin between the parameter cursors is examined for its population count. The 
leftmost bin with the hipest count found is selected. Its center value is returned as 

mode. 



count 




mode 



Here, mode is 150 mV. 
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pctl 

Definition: 



Description: 



Exanqile: 



Parameter Settings: 



Percentile 



Computes the horizontal data value that separates the data in a histogram such that 
the population on the left is a ^ecified percentage 'xx' of the total population. When 
the threshold is set to 50%, pctl is the same as hmediam 

The total population of the histogram is determined. Scanning from left to right, the 
population of each bin is summed until a bin that causes the sum to equal or exceed 
'xx'% of the population value is encountered. A ratio of the number of counts 
needed for 'xx'% population/ total bin population is then determined for the bin. 

The horizontal value of the bin at that ratio point of its range is found, and returned 
as pctl. 

The total population of a histogram is 100. The histogram range is divided into 20 
bins and 'xx' is set to 25%. The population sum at the sixth bin from the left is 22. 
The population of the seventh is 9 and its sub-range is 6.1 to 6.4 V. The ratio of 
counts needed for 25% population to total bin population is: 

3 counts needed / 9 counts = 1/ 3. 

The value for pctl is: 

6.1 volts -i .33 * (6.4 - 6.1) volts = 6.2 volts. 

Selection of the pctl parameter in the "CHAN G E PARAM" menu group causes the 
"MORE pctl SETUP" menu to appear. Pressing the corresponding menu button 
displays a threshold setting menu. With the associated knob you can set the 
percentage value to between 1% and 100% of the total population. 
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pks 

Definition: 

Description: 



Peaks 



The number of peaks in a histogram. 

The instrument analyzes histogram data to identify peaks from background noise 

and histogram binning artifacts such as small gaps. 

Peak identification is a 3-step process: 

1. The mean height of the histogram is calculated for all populated bins. A 
threshold (Tl) is calculated from this mean where: 

Tl= mean -I- 2 sqrt (mean). 

2. A second threshold is determined based on all populated bins under Tl in 
hei^t, where: 

T2 = mean -I- 2 * sigma, 

and where sigma is the standard deviation of all populated bins under Tl. 

3. 0 nee T2 is defined, the histogram distribution is scanned from left to right. Any 
bin that crosses above T2 signifies the existence of a peak. Scanning continues 
to the right until one bin or more crosses below T2. However, if the bin(s) cross 
below T2 for less than a hundredth of the histogram range, they are ignored, 
and scanning continues in search of a peak(s) that crosses under T2 for more 
than a hundredth of the histogram range. Scanning goes on over the remainder 
of the range to identify additional peaks. Additional peaks within a fiftieth of 
the range of the populated part of a bin from a previous peak are ignored. 



NOTE; If the number of bins is set too high a histogiam maiylm/e nmgr 
small gaps. This inciwses sigma and thereby r.3 and in extreme cases can 
prevent determirmtion of a peaK evenif one spears to be presmt to the eye. 
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Exanqile: 



Here the two peaks have been identified. The peak with the highest population is 
peak#l. 
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lange 

Definition: 

Description: 

Exanqile: 



Range 

Computes the difference between the value of the ri^tmost and that of the leftmost 
populated bin. 

The ri^tmost and leftmost populated bins are identified. The difference in value 
between the two is returned as the range. 




mV 



In this example: range is 2 mV 
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Sigma Sigma 

Definition: The standard deviation of the data in a histogram. 

Description: sigma is calculated by the formulas: 

n n 

mean = ^ [bin counti bin valuei]/ bin counti) ; 

i=l i=l 

sigma = [bin counti * (bin value - mean)^ counti] - 1 ) ' 

where n is the number of bins in the histogram, bin count is the count or height of a 
bin, and bin value is the center value of the range of parameter values a bin can 
represent. 



Exanqile: For the histogram: 
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tDtp 

Definition: 

Description: 

Exanqile: 



Total Population 

Calculates the total population of a histogram between the parameter cursors. 

The count for all populated bins between the parameter cursors is summed. 



Count 




The total population of this histogram is 9. 
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x^k 

Definition: 

Description: 



Exanqile: 



X Cooidinate of xx'th Peak 



Returns the value of the xx'th peak that is the largest by area in a histogram. 

First the peaks in a histogram are determined and ranked in order of total area (for a 
discussion on how peaks are identified see the D escription: for the pks parameter). 
The center of the n* ranked peak (the point where the area to the left is equal to the 
area to the ri^t), where n is selected by you, is then returned as xapk 



The ri^tmost peak is the largest, and is thus ranked first in area (1). The leftmost 
peak, althou^ hi^er, is ranked second in area (2). The lowest peak is also the 
smallest in area (3). 




peak 
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Chapter Seventeen: Overview 
In this ch^ter, see how 

Implementation Standards 

Connections 

ScopeExpIorer 

ActiveDSO 
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Chapter Seventeen 



Ovendew 



InbDduction 

The lOBaseT Ethernet option allows you to control the LeCroy Waverunner-2 over a network, or throu^ a 
direct connection between the oscilloscope and a computer. The connection is made throu^ the Ethernet port 
located at the rear of the oscilloscope. 

This chapter introduces the basic capabilities for control of the Waverunner-2 oscilloscope over the Ethernet 
interface. 

The Waverunner Remote Control Manual gives a complete description of the G PIB commands. These 
commands apply to control of the oscilloscope via Ethernet, as well as throu^ the G PIB interface. 

IMPLEMENTATION STANDARD 

To the greatest extent possible, these remote commands conform to the IEEE 488.2i standard, which may be 
considered as an extension of the IEEE 488.1 standard, dealing mainly with electrical and mechanical issues. 



CONNECTIONS 

The oscilloscope can be connected to the PC via Ethernet using a TCP/ IP network protocol. This connection 
can be made through a network, or directly between the oscilloscope's Ethernet interface and a computer using 
a crossover network cable. 



' ANSI/IEEE Std. 488.2-1987, IEEE Standard Codes, Formats, Protocols, and Common Commands. The Institute of 
Electrical and Electronics Engineers Inc., 345 East 47th Street, New York, NY 10017, USA. 
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ETHERNET OPTION 



SCOPE EXPLORER 

ScopeExploier is a free PC-based connectivity tool that interfaces a LeCroy Digital 0 sdlloscope to the 
Windows 95/ 98 or Windows NT/ 2000 desktop. It is available on CD -RO M as well as from the internet at 
www.lecroy.com. 

ScopeExploier provides the following connectivity features: 

Remote control terminal 

This provides a teletype-like terminal that allows standard remote control commands to be sent to the scope, 
and the scope's response to be displayed. Features are provided to allow sequences of commands to be piped 
to the scope from a file, and the scope's responses to be piped into another file. 

Image c^tuie and storage 

This feature allows a pixel-for-pixel copy of the scope's di^lay to be transferred to the PC, and di^layed 
and/ or printed. A single key press (or button push) will transfer this image to the Windows Clipboard ready for 
pasting into any Windows application. It also supports automatic refresh of the captured image at periodic 
intervals. 

Panel file (scope setup) capture, storage, and plajhack 

The entire front panel setup of the scope can be captured with this feature and stored on the PC with a long 
descriptive filename. The captured panel can then be transferred back to the scope at a later date to reproduce 
the setup. 

Trace c^tuie, storage, playback, and conversion to ASCII 

Waveforms acquired by the Waverunner-2 can be transferred to the PC and stored in either the compact 
LeCroy Binary format, or an ASCII version that allows compatibility with PC-based analysis products, such as 
Microsoft's Excel or Mathsoft's MathCad. Pre-captured LeCroy Binary waveforms can be converted into 
ASCII files individually or in batches. 

Virtual Eront Panel 

The Waverunner-2 can be controlled remotely using the virtual front panel feature. A virtual panel with front 
panel knobs and buttons is presented on the Windows displ^, and may be used to control the scope. (N ote: 
The virtual front panel may not reflect exactly the front panel of the Waverunner-2, but is still useful for 
control.) 
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ACTIVEDSO 

This ActiveXTM control enables LeCroy oscilloscopes to be controlled by, and to exchange data with, a variety 
of Windows applications that support the ActiveX standard. MS Office programs, Internet Explorer, Visual 
Basic, Visual C++, Visual Java, and MATLAB (v5.3) are afew of the many applications that support ActiveX 
controls. ActiveD SO is available on CD -RO M or on the internet at www.lecroy.com. 

With ActiveDSO you can develop your test program using standard G PIB commands. For easy integration of 
your scope data with your Windows Application (through G PIB, RS-232, or Ethernet lOBaseT) ActiveD SO, 
helps you: 

G enerate a report by importing scope data ri^t into Excel or Word. 

Archive measurement results on the fly in a Microsoft Access D atabase. 

Automate tests using Visual Basic, Java, C++, Excel (VBA). 

The ActiveD SO control hides the intricacies of programming and provides a simple and consistent interface to 
the controlling application. With less than 10 lines of VBA (Visual Basic for Applications) code in an Excel 
macro the spread^eet can recover pre-scaled waveform data from a remote instrument. 

The ActiveD SO control can also be embedded visually in any 0 LE automation compatible client, and can be 
used manually without any need for programming. It will run on any PC running Windows 95, Windows 98, or 
Windows NT. 

There are two fundamental w^s to use the control: 

Asa visible object embedded in an 0 LE Automation compatible Client (PowerPoint for example) 
showing a captured displ^ image. See Embedded Control Example for more details. 

As an invisible object accessed via a scripting language (Visual Basic for Applications, for example) to 
remotely control an instrument. See Accessing from VBA for more details. 

VBA (V isual Basic for Applications) is the programming language built into many of the more recent Windows 
applications. It is a subset of Visual Basic that makes it very simple to utilize the services of 0 LE Automation 
S^ers and ActiveX Controls. 

The following VBA subroutine demonstrates how easy it is to connect to a Waverunner-2 Oscilloscope and 
send remote commands to it. 

Sub LeCroyDSOTest ( ) 

Dim o As Object 

Set o = CreateObject ( "LeCroy . ActiveDSOCtrl . 1 " ) 

Call o.AboutBox ' Present the control's About box 

Call o . MakeConnection ( " IP : 172.28.11.26) 'Connect to device on LAN 
Call o .WriteString ( "BUZZ BEEP", True) ' Make the DSO beep 
End Sub 
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EXAMPLE SYNTAX 

Boolean controlNaniaWriteString 

The WriteString method has the following arguments 



Argument 


Description 


controlname 


The name of the ActiveD SO control object. 


textString 


String, Text string to send to the device. 


EOI 


Boolean, TRUE = terminate with EOI 



Returns: True on success, False on failure. 

Remarks: This method sends a string command to the instrument. 

If EO I is set to TRUE then the device will start to interpret the command immediately. This is normally the 
desired behavior. 

If E 0 1 is set to EALSE then a command may be sent in several parts with the device starting to interpret the 
command only when it receives the final part which should have E 0 1 set TRUE . 
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Chapter Eighteen: Connecting to PC or Nebvoik 
In this ch^ter, see how 

To conSguw the Whvenumer-2 to communicate with a PC connected to the 
network 

To conGguie a PC that is not connected to the network 
To make phfwcal cormections 
To verify your cormection 
To change an IP address 
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Coimediiig the\\^nminii^^ to its Host 

This chapter describes connecting the Waverunner-2 oscilloscope to the host PC or network over the standard 
lOBaseT Ethernet. Windows NT and Windows 95 operating systems are supported. 

SCOPE REAR PANEL 

The LAN connector is shown in the following illustration. 




• Supports IEEE 802.3 Ethernet standards 

• Supports lOBASE-T 

• Status LEDs: 

LNK shows the status of the link integrity 
ACT shows receive or transmit activity 

• Adapted to Waverunner-2's small peripherals connector 
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PC REQUIREMENTS 

Pentium Class PC 
32 MB RAM 
10 MB free disk space 
Windows 95 or Windows NT 

Ethernet Adapter supporting lOBaseT, with a standard RJ45 connection 

ETHERNET CONNECTION 

The Waverunner-2 osdUoscope operates over a standard lOBaseT Ethernet connection. The instrument can be 
plugged into a network or operated from a direct connection to a host computer A different type of cable is 
reguired for each of these connections. Eor a direct connection to the PC, a oossow cable is reguired, whereas 
the network connection is made using a stiai^ cable. 

The Waverunner-2 oscilloscope has an IP address assigned to it at the factory: it does not support Dynamic Host 
Configuration Protocol (DHCP) or any other automatic address resolution scheme. You m^ change this IP 
address to accommodate your network setting. 

The factory-assigned IP address is: 172.25.12 

The factory-assigned Mask is: 255.255.0l0 

The factory-assigned G ateway is: 17225.0.1 
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CONFIGURING WAVE RUNNER-2 TO COMMUNICATE WITH A PC CONNECTED TO THE 
NETWORK 

If your computer is already configured, obtain the following settings for the Waverunner-2 from your network 
administrator: 

IP address 



Subnet Mask 



Default Gatew^ 

1. Press the Utility button on the oscilloscope's front panel. 




Press the soft key to select Remote Setup from "Utilities." 




3. Select Network Setup; "TCP/ IP Network Setup" is 
di^layed. Verify or modify the Ethernet settings via the 
oscilloscope's front panel controls. 
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CONFIGURING A PC THAT IS NOT CONNECTED TO THE NETWORK 



Note: The following 
examples assume that the 
host PC operates horn 
Windows™ 95. The 
coimection procedure for 
WindowsNT is similar. 



Before establishing a direct connection between the oscilloscope and the 
host computer, the PC must first be properly configured. A ^ecific 
TCP/ IP addr^ must be assigned — known as "static addre^g" But 
this means that the PC cannct be set up to obtain its IP address from a 
DHCP server To set the host PC's static address with Windows 95: 

1. Select Start — > Settings — > Control Panel. 

2. D ouble-click the N etwork icon in the Control Panel. A network 
dialog box similar to this one appears: 



Netwoik 



_?J2<J 



Configuration | Identification | Access Control | 

The following network components are installed: 

“'-I Client for Microsoft Networks 
i^3Com Etherlink III PCMCIA (3C589/3C589B) 

Dial-Up Adapter 

TT NetBEUI •> 3Com Etherlink III PCMCIA (3C589/3C589B) _J 
NetBEUI •> Dial-Up Adapter 



Add... 



Remove 



Properties 



Primary Network Logon: 






Client for Microsoft Networks 



File and Print Sharing... 

- Description 

TCP/IP is the protocol you use to connect to the Internet and 
wide-area networks. 



OK 



Cancel 
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3. If the TCP/ IP protocol is not listed, you will have to add it. Follow your operating system user guide to 
add the TCP/ IP protocol and bind it to the Ethernet adapter. 



TCP/IP Pioperties 



^xj 



Bindings 


1 Advanced | 


DNS Configuration 


Gateway | 


WINS Configuration 


IP Address 



An IP address can be automatically assigned to this computer. 

If your network does not automatically assign IP addresses, ask 
your network administrator for an address, and then type it in 
the space below. 



C Obtain an IP address automatically 
(• Specify an IP address: 



IP Address: 
Subnet Mask: 



172. 25 . 1 


. 3 




255.255. 0 


■ o| 



OK 



Cancel 



4. D ouble-click the line. A dialog box similar to the one below appears. Select 

(• Specify an IP address: 

5. If this has already been selected, the computer's static address is set and nothing more needs to be done. 
Cancel out of the TCP/ IP and network dialog boxes, and close the control panel. 

6. If the address has not already been selected, fill in the IP address and subnet mask as shown above. The 
subnet mask for 172.25.x.x is 255.255.0.0. If the computer will not be plugged into a network, the above 
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address (or almost any address within the chosen subnet) will do. The only address that will not work is the 
same one as that of the oscilloscope to be controlled. 



7. Nowchck 



K 



in the TCP/ IP Properties dialog box. D epending on the operating system and 



version, you may need to reboot the computer. If so, a dialog box should alert you to this. 



MAKING PHYSICAL CONNECTION 

To make the physical connection between the oscilloscope and the host computer: 

1. Connect the oscilloscope to the PC using a crossover cable (for direct connection). 

2. Power the oscilloscope unit on. 

VERIFYING CONNECTION 

The physical connection and the PC's TCP/IP configuration can be 
verified using the "ping" command, available on both Windows™ 95 and 
Windows™ NT with TCP/ IP network protocol installed. In order to 
check the network connection between the PC and the oscilloscope: 

3. Start MS-D 0 S Prompt 

4. Type ping <ip_address>, where <ip_address> is the static address 
assigned to the oscilloscope. The dialog box on the next page 
illustrates the result of a successful "ping", with the Ethernet 
connection shown established. The IP address of the oscilloscope in 
this case is 172.25.1.2, the factory default address. 



Note: If your PC does not 
have TCIP/IP, see the 
dedicated Windows^"' 95 or 
NT User's Manuals for 
installation instructions. 
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_<UE-Das Pionfil 



I Ajc ii L3| ■ ^ ig||g Al 



Microsoft uin4o«s 95 

(C) Copyright Micrcsoft Cocp 1SB1-1B95. 

C;\>pil!ig L72.Z5.L.2 

Eingina 172.2S.1.2 with 32 bytes t£ datar 

iKeply fco(t 172.25.1.2: bytjeis=22 t.ine=liis Mm,=ZS5 
Reply Icoti L72.25.L.2; LyLee=22 tina=Liia TTL-Z5 5 
Reply Itctt L7Z.Z5.L.Z: tytea-32 tiea-Lifia TTX-Z55 
Reply fron. 172. 2 5. L. 2 i tytea-32 tine-Lna m-2S3 



The ping command has sent a message to the instrument and waited for a response. If a timeout 
occurs, as is shown in the hox on the next page, the IP address used for the destination (the 
oscilloscope) is inconect or not within the subnet mask of the PC's IP address. 
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NETWORK CONNECTION 

Check with your network administrator before connecting the oscilloscope to a network. Incorrect addresses 
on a network can cause both the network and the oscilloscope to behave strangely. However, a network 
connection ou^t to be as simple as plugging the oscilloscope into the network. Prrpff crraBticn can be wified by 
McMingthevHificaticn instructicns in thepretious saticn. 

If you aie concerned mainly with system fhioughput, network cormection is not recommended 
because the network traffic will slow down the oscilloscope's data trarrsfer rate. 

Note: The default Gateway is assigned as "172.25.0.1". Unless your network has this Gateway available, you 
must ensure the computer and the oscilloscope are on the same ^net. 
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CHANGING IP ADDRESS 

Once the IP address is changed, the unit will no longer respond to the original address. 

If the network settings are unknown or accidentally set to invalid values, they can be recovered by following the 
procedure above. 
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Chapter Nineteen: Solbiwe Tools 

In this ch^ter, learn about 
ActiveDSO 
ScopeExpIowr 
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InbDduction to Sofhvaie Took 

The Waveiumier-2 software tools allow you to develop your own application specific progiams quickly 
and easily. These tools are ActiveDSO™ and ScopeExplowr""' . The files for all software described 
here are to be found on the CD-ROM. 

ActiveDSO 

Based on Microsoft's ActiveX control technology, Adi\d3S0 gives leverage to widely available Microsoft 
software tools, and makes prograrnrning within the Microsoft environment easier. Adi\d3SO simplifies the 
computer's interface with the Waverunner-2 and programming within Visual C++, Visual Basic, or any other 
ActiveX compatible applications. For example, Microsoft Excel can even be used to control and retrieve data 
directly from the Waverunner-2. This tool becomes part of the target application and provides seamless access 
to the full power of the Waverunner-2. 

ScopeExplowr 

This PC-based connectivity tool integrates LeCroy instruments with Windows 95 or Windows NT PCs. 
Connected to the PC through the Ethernet port and using SccpfixplcrH', the Waverunner-2 stores data and 
images in the computer. Because it is designed specifically for use with LeCroy instruments, SopSixplciH' allows 
these tasks to be completed with only a few keystrokes or mouse clicks 

USING ActiveDSO 

ActiveDSO is highly suitable for fast progiam development in the Microsoft environment This 
program is a control of ActiveX, the software technology developed by Microsoft as a subset of its 
COM model. 

AdivOSO facilitates programming with the Waverunner-2 by providing a ready interface between the 
instrument and the host computer. Programs such as Visual C-i-i, Visual Basic, or Visual Basic for 
Applications (VBA) can be u^ under remote control without concern for interfacing complications. 
AdivOSO acts as the key design structure allowing effective integration of software from the different 
manufacturers supporting ActiveX containment. 

Control Instantiation 

This ActiveX component can be instantiated more than once by using the Visual Basic function CreateObject. 
Once the object is created, invoking the connection method will initialize it. ActiveD SO enables control of the 
Waverunner-2 from a variety of PC desktop applications. The complexities of programming with Ethernet are 
fully encapsulated in this control. Eor example, with less than 10 lines of VBA code in an Excel macro the 
spreadsheet can recover pre-scaled waveform data from the Waverunner-2 (see the on-line Excel example in 
ActiveDSO). 
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ActiveD SO control can be used in two fundamental ways: 

1. As a visible object embedded in an 0 LE automation compatible client (PowerPoint, for example) showing 
a captured Waverunner-2 displ^ image. See the Embedded Control example below for more details. 

2. As an invisible object accessed through a scripting language (VBA, for example) to remotely control the 
Waverunner-2. See VBA example below for more details. 

The AdivOSO control m^ be embedded in any ActiveX containment-capable client, and m^ be used 
manually without need of any programming or scripting. 

Example: PowerPoint 

This example shows the control being embedded in a Microsoft 
PowerPoint slide. The waveform captured by the Waverunner-2 can be 
easily imported into PowerPoint with just a few mouse clicks: 

1. Ensure that the AdivOSO files from the CD-ROM are installed on 
the PC. 

2. Verify that the PC and Waverunner-2 are properly connected to the 
Ethernet. 

3. 0 pen a new blank presentation in PowerPoint. 

4. Select "Insert," then Object as shown here: 



Note: This example 

assumes that PowerPoint 97 
isbmig med Eadierversions 
may not behave in the same 
manner. 
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5. From the pop-up window, select LeCroy ActiveD SO object as shown here: 




6. Right-click the object and select "Make Connection." 




WR2-OM-E Rev C 



I SSUE D : January 2002 



277 





ETHERNET OPTION 



7. Select "NetwoikTCP/ IP connection" as shown hae ("scope" = Waverunner): 




8. Enter the Wavemnner-2's IP address and click "OK." 




278 



I SSUE D : January 2002 



WR2-OM-E RevC 




Chapter Nineteen 



Software Tools 



9. Ri^t-click the object again and select the Refresh Image menu item. A captured waveform will be 
displayed similar to the one shown here: 
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Wavmmner-Zs captuied waveAmn imported into PowerPoint 



Once the AdivOSO object has been properly set within the application, a macro script can be created utilizing 
an object method such as WriteStrin^) to send D ISP on, c1:TRA on, trmd auto (see the Ranote 
Cditni Manual). Then RefreshImageO method can be used to update the screen. 
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Exanq)Ie:YR\ 

VBA is the programming language built in to many of the more recent Windows applications It is a subset of 
Visual Basic that makes using 0 LE Automation Servers and ActiveX Controls very simple. The following VBA 
subroutine demonstrates how easy it is to connect to an Waverunner and send remote commands to it. 



Sub LeCroyDSOTest ( ) 

Dim dso As Object 



Set dso = CreateOb ject ( "LeCroy . ActiveDSO . 1 " ) 

Call dso . AboutBoxPresent the control's About box 
Call dso . MakeConnection ( " IP : 172 . 25 . 1 . 2 " ) Connect to the unit 
Call dso .WriteString ( "DISP ON", 1) Enable the internal display routine 
Call dso .WriteString ( "TRMD AUTO", 1) Set the trigger mode to AUTO 
End Sub 



To enter the VBA editor in members of the Microsoft Office suite: 

1. Select Tools — > Macro — > Visual Basic Editor menu item. 

2. When the VBA window appears, select the Insert — > Module menu 
item. 

3. Copy the above example into the editor window that appears. 

To execute: 

4. Position the text cursor within the subroutine. 

5. Either select the Run ^ Run Sub/ UserEorm or press function key E5. 



Note: For mote intomation, 
see the ActiveDSO on-line 
Help. On-line HHp contains 
Visual C++ example, 
explanations of ActiveDSO 
Methods and Pmpeities. 
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USING ScopeExploier 

1. Start Sopfixplcra: 

2. Click on Scope Scope Finder. 

3. In the "Scope Selector" window, click "0 K," as shown below. 

4. WhentheADD DEVICE window opens, select "Network." 

(If you don't see a "Network" button, press "ALT + N" stmultaneously.) 

5. A " N etwork D evice" window will appear, as shown here: 




FtH*'. [HfiiFI i f 

6. Enter the IP address of the Waverunner-2 in the "NETWO RK DEVICE " window. 
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ScopeExplorer features: 

Tenninal - Remote contml commands can be ^it and data can 
beietiieved using Tenninal. 

Image capture - Internal scope-Uke "screen" representation of 
the acquired waveform can be viewed with the Display button 
Use the Rehesh button to rebesh the "screen" dunyj image. 

IP address change - ScopeExplorer can be used to change the 
IP address of the Wbverurmer-Z See Chapter 2 for details. 

ScopeExplorer is supported for all LeCrqy instruments. Additional 
information can found on the LeCruy w^ site: www.lecruy.com 



w 
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Aichitectuie and ^jecMcations 



S{)edficatioiis 

MODELS 

VV&iveriiiiner-2 LT372/ LT262 Series: Two channels 
V\&iveriiiiner-2 LT374/ LT264 Series: Four channels 

V\&iveriiimer-2 LT354/ LT 584 Series: Four channels 

A\ 

Z-LAacquisttion system 



NOTE: SpeciOcations are subject to 
change without notice. 





V 


1 



Bandwidth (-3dB): LT354/ LT374/ LT372 Series: 500 MHz; LT264 Series/ LT262 Series: 350 MHz. 
Bandwidth @ 50 ohms and at probe tip with PP006A probe. Bandwidth Limiter at 20 or 200 MHz can be 
selected for each channel. LT584 Series: 1 G Hz @ 50 ohms at probe tip with PP006A probe. 

Iiqiut Inqiedance: 50 ohms ±1.0%; IM ohms ±1.0% II 12 pF typical (using PP006A probe) 

Iiqiut Coupling: IM ohms: AC, DC, GND; 50 ohms: DC, GND 

A\ 

/ • XMav li^)ut: LT37^ 262/ 374/ 264: 50 ohms: 5 V ims; IM ohms: 400 V max (peak AC < 5 kHz 
±DC); 

LT 584 Series: 50 ohms: 5 V rms; IM ohms: 250 V max (peak AC < 5 kHz ± DC) 

Sngle 9iot Sampling Rate: LT374 Series/ LT372 Series: 2 G S/ s; LT354/ LT264/ LT262 Series: 1 G S/ s 

Acquisition Memory (4 chaimel): LT374L: 4 Mpts per channel; LT354ML: 2 Mpts per channel; 

LT374M/ LT372M/ LT264M: 1 Mpts per channel; LT374/ LT372: 250 kpts per channel; LT261/ LT262: 
100 kpts per channel 

Acquisition Memory (2 charmel): All 4-channel models have double the acquisition memory for 2 channels 
as they do for 4 channels. 

LT 584 250 kpts per channel 

LT 584 M 1 Mpts per channel 

LT 584 L 4 Mpts per channel 



Vertical Resolutiorr: 8 bits 



Sensitivity: 2 mV/ div to 10 V/ div fully variable; LT584 50 ohms: 2 mV/ div to 1 V/ div; IM ohms: 2 mV/ div 
to 5 V/ div fully variable 

DC Accuracy: ±(1.5% + 0.5% of full scale) 
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OfEset Range: 

2 mV to 99 mV/ div: ±1 V 
100 mV to 99 V/ div: ±10 V 
lVtol0V/div:±100V 

Inteileaved Channels: LT581:2; LT374: 2; LT372: 1 



1 Acquisition Modes | 


1 Mode 


Time Base Setting 


Maximum Rate 


Description 


1 SngleShot 


500 ps to 1000 s/ div 
(LT354/ LT374/ LT372/ LT584) 


4GS/S 

lGS/s(LT354) 


0 ne AD C per channel 

(2 AD Cs per channel in 
interleaved mode) 


1 ns to 1000 s/ div 
(LT264/ LT262) 


IGS/s 


Repetitive 


500 ps to 1 ps/ div 


50GS/S 


Random Interleaved Sampling 
(RIS) 


Sequence 








LT263/ LT2G1 


2 to 400 segments 


IGS/s 


Stores Multiple Events with 
time stamp in segmented 
acquisition memories 


LT372/ LT374/ 
LT581 


2 to 400 segments 


4GS/S 


Memory Option 
M 


2 to 1000 segments 


IGS/s 

(LT262/ 264/ 354) 
4GS/S 
(LT372/ 374) 


Stores Multiple Events with 
time stamp in segmented 
acquisition memories 


Memory Option 
ML/L 


2 to 4000 segments 


IGS/s 

(LT262/ 264/ 354) 
4GS/S 
(LT372/ 374) 


Stores Multiple Events with 
time stamp in segmented 
acquisition memories 


1 RoU 


< 500 kpts: 

500 ms to 1000s/ div 


lOOkS/s 


Waveform slowly rolls across 
displ^ when us^ with slow 
timebases. 


> 500 kpts: 1 s to 1000 s/ div 



TIMEBASE SYSTEM 

Timebases: Main and up to four zoom traces simultaneously 
Time/ Div Range: 500 ps/ div to 1000 s/ div 

Clock Accuracy: < 10 ppm 
Inteipolatior Resolution: 5 ps 

External Clock < 500 MHz; 50 ohms, or IM ohms impedance 
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TRIGGERING SYSTEM 

Modes: NORMAL, AUTO, SINGLE and STOP 

Sources: Any input channel. External, EXT 10 or line; slope, level, coupling unique to each except line. 
Coupling Modes: DC, AC, HE, HERE], LEREJ (reject frequency 50 kHz typical) 

Pre-Trigger Recording: 0- 100% of horizontal time scale 
Post Trigger Delay: 0-10 000 divisions 

Holdoff by Time or Events: Up to 20 s or from 1 to 99999999 events 

Internal Trigger Range: ±5 div 

Maximum Trigger Erequency: Up to 500 MHz with HE coupling (LT 581 1 GHz; LT264/ LT262: Up to 
350 MHz) 

A\ 

/ • XFvtpmal Trigger Irgiut: ±0.5 V, ±5 V with Ext 10; max input same as input channels 

SMART TRIGGER TYPES (ALL MODELS) 

Sgnal or pulse width: Triggers on pitches down to 2.5 ns. Pulse widths are selectable between <2.5 ns to 
20 s. 

Sgnal interval: Triggers on intervals selectable between 10 ns and 20 s 

TV: Triggers on line (up to 1500) and fields 1, 2, 4, or 8 (odd or even) for PAL (SECAM), NTSC, or non- 
standard video. 

Stated Edge qualified: Triggers on any input source only if a defined state (or edge) has occurred on another 
input source. D elay between sources is selectable by time or number of events. 

Dropout: Triggers if the input signal drops out for longer than a selected time-out between 25 ns and 20 s 

VWndow: Triggers when the signal crosses the window boundaries, which extend above and below the selected 
trigger level. A trigger event will occur when the signal leaves this window region in either direction and passes 
into the upper or lower region. The next trigger will occur when the signal again passes into the window region. 

Pattern (5 inputs): Enables triggering on a logical combination of the five inputs CH 1, CH 2, CH 3, CH 4 
and EXT. This combination, called a pattern, is defined as the logical AND of trigger states. 

Advanced Trigger Package (ATP) Optiom Adds the following options 

Runt: Positive or negative runts are defined by two voltage limits, and two time limits selectable between 
2.5 ns and 20 s 

9ew Rate: Triggers on edge rates; select limits dV, dt, and slope. 
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AUTO SETUP 

Automatically sets timebase, trigger, and sensitivity to displ^ a wide range of repetitive signals. 

Vertical Find: Automatically sets sensitivity for the selected input signal 

PROBES 

Model PP006A: PP006 with auto-detect: 10:1, lOM ohms; one probe per channel 

Probe System: ProBus Intelligent Probe System supports active, high voltage, current, and differential probes, 
and differential amplifiers 

COLOR WAVEFORM DISPLAY 

Type: Color 8.4-inch flat panel TFT LCD with VGA, 640 x 480 resolution 
Screen Saver Display blanks after 10 minutes 

Real Time Clock D ate, hours, minutes, and seconds displayed with waveform 

Number of Traces: 8 max. Simultaneously display channel, zoom, memory, and math traces 

Grid Styles: Single, Dual, Quad, Octal, XY, Single-I-XY, Dual-I-XY; Full Screen gives enlarged view of each 
style 

Mbivefotm Display Styles: Sample dots joined or dots only — regular or bold sample point highli^ting. 

ANALOG PERSISTENCE DISPLAY 

Analog Persistence and Color Graded Persistence: Variable saturation levels; stores each trace's persistence 
data in memory 

Trace Display: 0 pague or transparent overlap 

ZOOM EXPANSION TRACES 

Style: Display up to four zoom traces 

Vertical Zoom: Up to 5x expansion, 50x with averaging 

Horizontal Zoom: Expand to 2 pts/ div, magnify to 50 OOOx 

AutoscroU: Automatically scan and displ^ any zoom or math trace 



ViJ 
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AichitBctuie and ^jedScations 



RAPID SIGNAL PROCESSING 
PnKesson 96 MHz Power PC 
Processing Memory: 



LT263/ LT264 


LT372/ LT374 
LT584 


LT264/ LT37/ LT584 
WITH Option M 


LT374/ LT584/ 
LT354 

WITH Option L 


^ 32 Mbytes | 


32 Mbytes | 


64 Mbytes | 


128 Mbytes 



Real-time Clock Dates, hours, minutes, seconds; timestamp 
trigger time to 1 ns resolution 



INTERNAL WAVEEORM MEMORY 

Mtiivefonn: Ml, M2, M3, M4; memory length equal to acquisition memory 
Zoom and Math: four traces (A, B, C, D); chained trace capability 
Memories Ml- 4 and A-D store full-length waveforms with 16 bits/ data point 

SETUP STORAGE 

Eor front panel and instrument status: Four non-volatile memories and floppy drive are standard; hard drive 
and memory card are optional 

MATH TOOLS 

Simultaneously perform up to four math processing functions; traces can be chained together to perform math 
on math. Standard fimctions: add, subtract, multiply, divide, inverse, identity, summation, summed averaging to 
4000 sweeps, continuous averaging ERE S low-pass digital filters for 11-bit vertical resolution, EFT of 50 kpt 
waveforms. Extrema for di^laymg envelope, roof and floor, physical units, rescale (with units), (sin x)/ x, 
resample (deskew). 
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MEASURE TOOLS 
Cursor Measurements: 

Relative Time: Two arrow cursors measure time and voltage differences relative to each other with a 
resolution of ±0.05% full scale. 

Relative Amplitude (Voltage): Two horizontal bars measure voltage differences at ±0.2% fs resolution. 

Absolute Time: Cross-hair marker measures time relative to trigger and voltage with respect to ground. 

Absolute Anqilitude (Voltage): A horizontal reference line cursor measures voltage with reject to 
ground. 

Automated Measurements: Displ^ any five parameters together with their average, high, low and standard 
deviations 

Pass/ Fail: Test any five parameters against selectable thresholds Limit testing is performed using masks 
created on the scope or on a PC. Setup a pass or fail condition to initiate actions such as hardcopy output, save 
waveform to memory, G PIB SRQ , or pulse out. 

STANDARD MEASURE TOOLS 

Includes measurement of amplitude, area, base, cyclic mean, cyclic rms, number of cycles, del^, del^ 
difference, duty cycle, faU time (90 to 10%), fall time (80 to 20%), freciuency, maximum, mean, ininimum, 
positive overshoot, negative overshoot, peak-to-peak, period, phase, rise time (10 to 90%), rise time (20 to 
80%), rms, standard deviation, top, widtir, horizontal location of highest and lowest value between cursors. 

EXTENDED MATH AND MEASUREMENTS OPTION 

Adds math and advanced measurements for general purpose applications. Math Tools is expanded to include aU 
standard math plus integration, derivative, log and exponential (base e and base 10), scjuare, scpare root, 
absolute value, data log (when using the trend function), and histogram (200 events). 

Measure tools is expanded to include measurement of cyclic median, cyclic standard deviation, time from 
trigger to crossing level, time between transition levels of two sources (% or volts), time from clock to data 
(setup time), time from clock to data (hold time), duration of falling edge between transition levels (% or volts), 
first point, last point, number of points median, duration of rising edges between transition levels (% or volts), 
duration. 

WAVE ANALYZER OPTION 

Adds math processing to include FFTs of 1-Mpt waveforms, power ^ectrum density (real and imaginary), 
spectrum averaging, waveform averaging to one million sweeps, continuous averaging, and waveform 
toograms up to 2 billion events and 18 histogram parameters. Includes the Extended Math and Measurement 
option. 



288 



I SSUE D : January 2002 



WR2-OM-E RevC 




AichitBctuie and ^jedScations 



SPECIAL APPLICATION SOLUTIONS 

Jitter and Timing Analysis QTA): Precision cycle- to-cycle timing measurements with enhanced accuracy 
histograms on persistence traces, persistence to waveform tracing and full statistical analysis. 

PowerMeasuie'^“: A complete solution for the power conversion engineer. Includes timing deskew of voltage 
and current, and rescale to electrical units. 

Digital Filter Package (DFP): Provides ei^t standard linear-phase finite impulse re^onse (FIR) filters. 
Custom filters can be designed and imported. Cascade up to four filters. 

INTERFACE 

Remote Control: Full control via GPIB*, RS-232-C*, and Ethernet* 

Floppy Drive: Internal, DOS format, 3.5" high density 
PC Card 9ot (optional): Supports memory and hard drive cards 
External Monitor Port 15-pin D-Type VGA compatible* 

Centronics Port Parallel printer interface* 

Internal gr^hics printer (optional): 25 mm/ s max, 112 mm paper width; provides hardcopy output in 
<10 seconds 

Ethernet (optional): lOBaseT* 

OUTPUTS 

Calibrator signal: 500 Hz-1 MHz sguare wave, -1.0 to -il.O, test point and groimd lug on front panel 

Control signals: Choice of trigger ready, trigger out, or Pass/ Fail status; TTL levels into 1 MQ at rear panel 
BNC (output resistance 300 O ±10%) 

A\ 

/ • X UFNFRAT 

Operating Conditions: Temperature 5-45 °C; Humidity 80% RH max. (non-condensing) up to 35 °C (derates 
to 50% max. RH at 45 °C). Altitude 4500 m max. up to 25 °C (derates to 2000 m max. at 45 °C) 

9iock and Vibration: Conforms to selected sections of MIL-PRF-28800F, Class 3 

Power Requirements: 100- 120 V (±10%) AC at 50/ 60/ 400 (±10%) Hz, or 200-240 V (±10%) AC at 50/ 60 
(±10%) Hz; automatic AC voltage selection; Power consumption: 250 VA max. (depending on model) 

Dimensions (HWD): 210 mm x 350 mm x 300 mm (8.3" x 13.8" x 11.8"); height excludes scope feet 

Mfeight: 8.5 kg (19 lbs.) excluding accessories and internal printer; 9 kg (20 lbs.) excluding accessories, including 
internal printer 



* Use properly shielded cables to conform to CE requirements (EMC Directive 89/ 336/ EEC). 
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Wtoanty and Calibration: Three years; calibration recommended yearly 
Certifications: CE, UL and cUL 

CE Declaration of Coirfoimity: The oscilloscope meets requirements of the EMC Directive 89/ 336/ EEC 
for Electromagnetic Compatibility and Low Voltage Directive 73/ 23/ EEC for Product Safety. 

EMC Directive EN 61326-1:1997 -I-A1:1998 

EMC requirements for electrical equipment for measurement, control, 
and laboratory use. 

Electromagnetic Emissions: EN 55022: 1998, Class A Radiated and conducted 

emissions 

EN 61000-3-2:1995 -I-A1:1998 -l-A2:1998 Harmonic Current 

Emissions 

EN 61000-3-3:1995 Voltage Eluctuations and 

Elickers 

Warning: This is a Class A product In a domestic enviwnment this product cause mlio 

inter^rence, in which case the u^rr^ he required to take adequate rrwasures. 



Electromagnetic Immunity 



EN 61000-4-2:1995 -I-A1:1998* Electrostatic Discharge 
EN 61000-4-3:1996 -I-A1:1998* RE Radiated Electromagnetic Eield 
EN 61000-4-4:1995* Electrical East Transient/ Burst 

EN 61000-4-5:1995* Surqes 

EN 61000-4-6:1996* RE Conducted Electromagnetic Eield 

EN 61000-4' 11:1994+ Mains Dips and Interruptions 



* Meets Performance Criteria "B" hmits — during the disturbance, product undergoes a temporary degradation 
or loss of function of performance which is self recoverable. 

t Meets Performance Criteria "C" limits — during the disturbance, product imdergoes a temporary degradation 
or loss of function of performance which requires operator intervention or system reset. 
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AichitBctuie and ^jedScations 



Low Voltage Directive: 



UL and cUL Certifications: 



EN 61010-1: 1993 -iA2:1995 

Safety requirements for electrical equipment for measurement, control, 
and laboratory use. 

The oscilloscope has been qualified to the following EN 61010-1 
category: 

300 V Installation (Overvoltage) Category II. 

Pollution Degree 2 
Protection Class I 

UL Standard: UL 3111-1 

Canadian Standard: CSA-C22.2 No. 1010.1-92 



W' 
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Acquisition Time: In a sample-and-hold or track-and-hold circuit, the time required after the sample or track 
command for the output to dew through a full-scale voltage change and settle to its final value within a 
specified error band. 

ACSN : auto-correlation signal-to-noise 

ADC: analog-to-digital converter. 

Aliasing: Whenever a dynamic signal is synchronously sampled, a possibility of misunderstanding its frequency 
content exists. This difficulty is termed "diasing" and occurs whenever the sampling rate is less than twice the 
highest frequency component in the signal being measured. 

AND: Logical designation or circuit function meaning that aU inputs must be in the TRUE state for a TRUE 
output. 

Aperture Jitter In a sample-hold or AD C, the jitter between the time of the sample (or convert) command 
pulse and the time the input signal is actually sampled. This jitter is usually due to thermal noise. It leads to an 
uncertainty in the sampM amplitude equal to delta t*dV/ dt, where delta t is the aperture jitter, and dV/ dt is 
the rate of change of the input voltage at the time of sampling. The terms "aperture jitter" and "^erture 
uncertainty" are often used interchangeably. 

Aperture Uncertainty: In a sample-hold or AD C, the total uncertainty in the time of the sample (or convert) 
command pulse and the time the input signal is actually sampled, due to aU causes including noise, signal 
amplitude-dependent delay variation (as in a flash ADC), temperature, etc. 0 ften used interchangeably with 
"aperture jitter," but "aperture uncertainty" is the more inclusive term. 

Area: In a time domain D SO waveform measurement, area is the sum of the sampled values between the 
cursors times the duration of a sample. 

Artifact Rejection: Used in summed averaging to exclude waveforms that have exceeded the dynamic range of 
the recording system. 

Automatic Setup: In an oscilloscope, automatic scaling of the timebase, trigger, and sensitivity settings. 
Provides a stable displ^ of repetitive input signals. 

Average: See Mean Value, Summed Averaging and Continuous Averaging. 

AWG: arbitrary wave generator 

Bandwidth: In normal use, the frequency range over which the gain of an amplifier or other circuit does not 
vary by more than 3 dB. 

BER: See Bit Error Rate. 

Binning: A technique for combining points in a histogram to be compatible with the resolution of the displ^ 
device. 

Bit An abbreviation of "binary digit," one of the two numbers, 0 and 1, used to encode data A bit is often 
expressed by a high or low electrical voltage. 

Bit Error Rate: Ratio of the number of bits of a message incorrectly received to the total number received. 
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CCD: Charge Coupled Device. An integrated circuit that allows the transfer of a variable amount of charge 
through a series of cells; an analog shift register. 

CCTM: clock certification test module 

Channel: A path through an arrangement of components (modules and electrical or optical cabling or both) 
along which signals can be sent. 

Clamping: Holding a circuit point to some reference level (frequently ground) by means of a low-impedance 
element such as a saturated transistor, FET, forward-biased diode, rel^, etc. 

Coherent Gain: The normalized coherent gain of a filter corresponding to each window function is 1.0 (0 dB) 
for the rectangular window and less than 1.0 for other windows. It defines the loss of signal energy due to the 
multiplication by the window function. 

Common Mode Range: The maximum range (usually voltage) within which differential inputs can operate 
without a loss of accuracy. 

Common Mode Rejection Ratio: The ratio of the common-mode input voltage to the output voltage 
expressed in dB. The extent to which a differential amplifier does not provide an output voltage when the same 
signal is applied to both inputs. 

Common Mode Signal (N oise): The signal (usually noise) that appears equally and in phase on each of the 
differential signal conductors to ground. See Differential Input. 

Continuous Averaging: Sometimes called "exponential averaging," the technique consists of the repeated 
addition, with unequal weight, of successive source waveforms. Each new waveform is added to the 
accumulated average according to the formula: S(i,new) = N/ (N-l-1) * [S(i,old) -l- 1/ (N-l-1) * W(i)] where i = 
index over all data points of the waveforms; W(i) = newly acquired wave form; S(i,old) = old accumulated 
average; S(i,new) = new accumulated average; N = weighting factor (1,3,7...). 

Conversion Cycle: Entire sequence involved in changing data from one form to another, e.g, digitizing an 
analog quantity, changing binary data to BCD, etc. 

Crosstalk Unwanted coupling of a signal from one channel to another. 

Cursor A visible marker that identifies a horizontal or vertical position, or both, on an oscilloscope di^l^. 
LeCroy D SO s offer "waveform riding" cursors that conveniently give both the horizontal and vertical values 
without selecting one or the other. 

DAC: digital-to-analog converter 

Data Logger An instrument that accepts input signals (usually slow analog), digitizes them, and stores the 
results in memory for later readout. The digital equivalent of a strip-chart recorder. 

DC: Direct current. Normally means a voltage or current that remains constant. 

DC Level Shift A change in the nominal D C voltage level present in a circuit. 

DC Offset See D C Level Shift. This term may imply that the shift is intentional, for example, adjustable by a 
control knob. 
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DC Overioad: An overload signal of long duration compared to the normal input pulse width or duty ratio of 
a circuit. 

Dead Time: In a digital oscilloscope, the dead time is the time from the end of one acquisition of data to the 
start of the next acquisition. 

Decimation: The process of reconstructing a source waveform with a reduced number of data points by using 
only every nth data point, where n is an integer. 

Differential Iiqmt A circuit with two inputs that is sensitive to the algebraic difference between the two. 

Differential Linearity: A term often inappropriately used to mean differential non-linearity. 

Differential Non-Linearity: 1 The percentage departure from the average of the slope of the plot of output 
versus input from the slope of a reference line; 2 The percentage of variation inADCsorTDCs from the 
mean of the analog (or time) width of any single digital step. It is usually measured by driving the input with a 
large number of random amplitude pulses and then measuring the relative number of events in each digital bin. 

Differential Output A circuit with two outputs supplying one normal and one complementary level of output 
signal. 

Differential Pulses: Two opposite polarity pulses coincident in time. 

Dithering: Typically used when averaging signals (which have low noise content) to improve vertical resolution 
and decrease the effects of an ADC's non-linearities. The technique applies different offsets to each incoming 
waveform to ensure the signal is not always digitized by the same portion of the AD C. The offsets must be 
subtracted from the recorded signals before being included in the summed average. 

Digital Filtering: The manipulation of digital data to both enhance desirable and to remove imdesrrable 
aspects of the data 

Dropout Trigger A trigger that occurs if the input signal drops out for a time period longer than a preset 
amount (between 25 ns to 20 s on some LeCroy D SO s). This is very useful for triggering on microprocessor 
crashes, network hang^ups, bus contention problems or other phenomena where a signal stops occurring. 

Duty Cycle: A computed value in digital scopes representing the average duration above midpoint value as a 
percentage of the period for time domain waveforms. 

Dynamic Range: The ratio of the largest to smallest signal that can be accurately processed by a module. 

Dynamic RAM (DRAM): A random access memory in which the internal memory must be refreshed 
periodically. 

ECL: Emitter-coupled logic, an unsaturated logic performed by emitter-coupled transistors Usually, ECL 
LO G ICAL 1 = -1.6 V and LO G ICAL 0 = -0.8 V. 

EMI: Electromagnetic interference caused by current or voltage induced into a signal conductor by an 
electromagnetic field. 

ENBW (Equivalent Noise Bandwidth): For a filter associated with each frequency bin, ENBWisthe 
bandwidth of an equivalent rectangular filter (having the same gain at the center frequency) that would collect 
the same power from a white noise signal. 
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Enhanced Resolution (ERES): A facility in LeCroy D SO s to increase the amplitude resolution of sin^e-shot 
wavefonn measurements. This technique, which applies digital filtering to achieve resolution enhancement at a 
reduced bandwidth, is optimum when the sampling rate of the instrument exceeds that required for the input 
signal bandwidth. For repetitive signals, either ERES or Signal Averaging, or both, can be used to achieve 
higher resolution with substantially smaller loss of bandwidth than for sin^e-shot signals 

Envelope: The maximum, niinimum, or maximum and niinimum values of a sequence of measured 
waveforms. In LeCroy D SO s, the number is programmable from 1 to 10^. 

EPROM: Erasable, programmable read-only memory. An integrated circuit memory arr^ that is made with a 
pattern of either all logical zeros or ones and has a pattern written into it by the user with a special hardware 
program. 

Equivalent Time Sanqrling (EQT): (Also known as ETS.) A means of exploiting multiple acquisitions of a 
repetitive signal to increase the usable bandwidth of a digitizer by making it appear to sample more rapidly than 
its maximum single-shot sample rate. Works only with stable, repetitive signals. 

Extrema: The computation of a waveform envelope, by repeated comparison of successive waveforms, of all 
maximum points (roof) and all minimum points (floor). Whenever a given data point of the new waveform 
exceeds the corresponding maximum value in the roof record, it is used to replace the previous value. 
Whenever a given data point of the new waveform is smaller than the corresponding floor value, it is used to 
replace the previous value. 

Ealltime: Unless otherwise defined, the time required for a pulse to go from 90 % to 10 % of full amplitude. 
Can also refer generally to the trailing edge of a pulse. 

East Eouiier Transform (EFT): In signal processing applications, an EFT is a mathematical algorithm that 
takes a discrete source waveform, defined over n points, and computes n complex Fourier coefficients, which 
are interpreted as harmonic components of the input signal. For a "real" source waveform (imaginary part 
equals 0), there are n/ 2 independent harmonic components. 

Feedthrough: An imwanted signal that passes a closed gate or disabled input. 

EFT : See Fast Fourier Transform. 

EFT Frequency Birrs: A Fast Fourier Transform (FFT) corre^onds to analyzing the input signal with a bank 
of n/ 2 filters, all having the same shape and width, and centered at n/ 2 discrete frequencies. Each filter collects 
the signal energy that falls into the immediate neighborhood of its center frequency, and thus it can be said that 
there are n/ 2 "frequency bins" The distance, in Hz, between the center frequencies of two neighboring bins is 
always: delta f = 1/ T, where T is the duration of the time-domain records in seconds. The nominal width of 
bin is equal to delta f. 

FFT Frequency Range: The range of frequencies computed and displ^ed in an FFT is 0 Hz to the Nyquist 
frequency. 

FFT Frequency Resolution: In a narrow sense, the frequency resolution is equal to the bin width, delta f. 
That is, if the input signal changes its frequency by delta f, the corre^onding ^ectrum peak will be displaced 
by delta f. For smaller changes of frequency, only the shape of the peak will change. However, the effective 
frequency resolution (i.e., the ability to resolve two signals whose frequencies are almost the same) is further 
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limited by the use of window functions. The ENBW value of all windows other than the rectangular is greater 
than delta f (i.e., greater than the bin width). 

FFT Number of Points: FFT is computed over the number of points (Transform Size) whose upper bound 
is the source number of points FFT generates spectra having n/ 2 output points. 

FFT Total Power Area under the power density spectrum in frequency-domain measurements 

FIFO: First-in, first-out shift registers (sometimes called first-in, first-out memory). 

Filter An electronic circuit or digital data manipulation routine that either enhances desitable or removes 
undesirable aspects of an analog waveform or its digital representation. Filters are used to block specific 
frequency components from passing through a circuit, to linearize otherwise identical components (such as 
CCD s) used in a common circuit, or to perform waveform integration, differentiation, or smoothing, just to 
name a few types. 

Flash ADC: A very fast analog-to-digital converter, usually consisting of a large set of fast comparators and 
associated logic, in which the analog signal simultaneously is compared to 2n - 1 different reference voltages, 
where n is the AD C resolution. Also called a parallel converter. 

Floor The record of points that make the bottom (or ruinimirm) of an envelope created from a succession of 
waveforms. 

FWHM: Full-Width Half Maximirm. The width of a pulse or waveform at 50 % amplitude used to measure 
the duration of a signal. 

Gate: 1 A circuit element used to provide a logical fimction (e.g., AND, 0 R); 2 An input control signal or 
pulse enabling the passage of other signals. 

Glitch: A spike or short-time duration structural aberration on an otherwise smooth waveform that is normally 
characterize by more gradual amplitude changes. In digital electronics, where the circuit under test uses an 
internal clock, a glitch can be considered to be any pulse narrower than the clock width. 

Glitch Trigger A trigger on pulse widths smaller than a given value. 

Ground Loop: A long ground connection along which voltage drops occur due either to heavy circuit current 
or external pick-up, with the result that circuit elements referred to different points along it operate at different 
effective ground references. 

Hairnning Code: An error-correcting code used in data transmission. 

HF Sync: Reduces the trigger rate by including a frequency divider in the trigger path, enabling the input 
trigger rate to exceed the maximum for repetitive signals. 

Histogram: A graphical representation of data such that the data is divided into intervals or bins. The intervals 
or bins are then plotted on a bar chart where the height is proportional to the number of data points contained 
in each interval or bin. 

Holdoff by Events: Selects a nimimum number of events between triggers. An event is generated when the 
trigger source meets its trigger conditions. A trigger is generated when the trigger condition is met after the 
selected number of events from the last trigger. The hold-off by events is initialized and started on each 
trigger. 
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Holdoff by Time: Selects a ramimum time between triggers. A trigger is generated when the trigger condition 
is met after the selected del^ from the last trigger. The timing for the del^ is initialized and started on each 
trigger. 

HPGL: Hewlett-Packard Graphics Language Format; Hewlett-Packard Company. 

H>i)rid Circuit A small, self-contained, high-density circuit element usually consisting of screened or 
deposited conductors, insulating areas, resistors, etc., with welded or bonded combinations of discrete circuit 
elements and integrated circuit chips 

IC: Integrated Circuit. A self-contained, multiple-element circuit such as a monolithic or hybrid. 

Integral Linearity: A term often used inappropriately to mean integral non-linearity 

Integral Non-Linearity: Deviation of ADC response from an appropriate strai^t line fit. The specification is 
sometimes defined as maximum deviation, expressed as a fraction of full scale. More recent AD Cs have a 
specification expressed as a percent of reading plus a constant. 

Interleaved Clocking: Supplying clock pulses of equal frequency but different identical circuits or instruments 
in order to increase the system sample rate. For example, use of two transient recorders with inputs in parallel 
but complementary clocte to allow operation at twice the maximum rate of a single unit. 

Interval Trigger Selects an interval between two edges of the same slope. The trigger can be generated on the 
second edge if it occurs within the selected interval or after the selected interval. The timing for the interval is 
initialized and restarted whenever the selected edge occurs. 

Jitter Short-term fluctuations in the output of a circuit or instrument that are independent of the input. 

Leakage: When observing the Power Spectrum of a sine wave having an integral number of periods in the 
time window using the rectangular window, leakage is the broadening of the base of the peak spectral 
component that accurately represents the source waveform's amplitude. 

Limiter A circuit element that limits the amplitude of an input (used for input protection, pulse standardizing, 
etc.). 

Logical 1 A signal level indicating the TRUE state; corre^onds to the unit being set (i.e., if interrogated, the 
answer is yes). 

Logical 0: A signal level indicating the FALSE state; corre^onds to the unit NOT being set (i.e., if 
interrogated, the answer is no). 

Long-tienn Stability: Refers to stability over a long time, such as several d^s or months. 

MCA: multichannel analyzer (e.g, pulse height analyzer) 

Mean Value: Average or D C level of all data points selected in a waveform. 

Median Value: The data value of a waveform above and below which there are an equal number of data 
points 

Mode Value: The most frequently occurring data value of a waveform. 
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Monolithic IC: An integrated circuit whose elements (transistors, diodes, resistors, small capacitors, etc.) are 
formed on or within a semiconductor substrate. 

Monotonic: A function with a derivative that does not change sign. 

Multiplexer A device used to selectively switch a number of signal paths to one input or output. 

NAND: An AND circuit, except with a complementary (negative true) output. 

N egation: The process of transposing all negative values into positives and all positive values into negatives. 
NLT& non-linear transition shift 

N oise E quivalent Power N E P (W); the RMS value of optical power that is required to produce imity RMS 
signal-to-noise ratio. 

NOR: An OR circuit, except with a complementary (negative true) output. 

NRZ: non-return to zero 

Nyquist Frequency: The Nyquist frequency (f/ 2) is the maximum frequency that can be accurately measured 
by a digitizer sampling at a rate of (f). In other terms, a digitizer sampling at a rate of (f) cannot measure an 
input signal with bandwidth components exceeding f/ 2 without experiencing "aliasing" inaccuracies. 

Offset The amoimt by which an analog or digital output or input baseline is shifted with respect to a ^ecific 
reference value (usually zero). 

OR: A logic circuit having the property that if at least one input is true, the output is true. 

Overshoot, Negative: A time-domain parameter in waveform measurements, equal to the base value of a 
waveform minus the rninimum sample value, expressed as a percentage of the amplitude. 

Overshoot, Positive: A time-domain parameter in waveform measurements, equal to the maximum sample 
value minus the top value, expressed as a percentage of the amplitude. The top value is the most probable state 
determined from a statistical distribution of data point values in the waveform. 

Parallel Converter A technique for analog- to-digital conversion in which the analog signal is simultaneously 
compared to 2n - 1 different reference voltages, where n is the AD C resolution. 

Pass/ Fail Testing: Post-acquisition testing of a waveform against a reference mask or of waveform 
parameters against reference values. 

PCMCIA: Personal Computer Memory Card Industry Association standard for PC memory cards. Also 
known asJEIDA in Japan. 

PCX: The PC Paintbrush Format for graphic images; ZSoft Corporation, Marietta, G A. 

Peak ^lectral Amplitude: Amplitude of the largest frequency component in a waveform in frequency 
domain analysis. 

Period: A full period is the time measured between the first and third 50 % crossing points (mesial points) of a 
cyclic waveform. 
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Persistence: A display operating mode of a D SO where a user-detennined number of measured traces remain 
on the display without being erased and overwritten. 

PE& position error signal 

PHA (Pulse Hdght Analyzer): A device that gives a measure of the amplitude of a signal applied to its 
input. 

Picket Fence Effect In FFT, if a sine wave has a whole number of periods in the time-domain record, the 
Power Spectrum obtained with the rectangular window will have a sharp peak, corresponding exactly to the 
frequency and amplitude of the sine wave. If it does not, the spectrum obtained will be lower and broader. The 
highest point in the power ^ectrum can be 3.92 dB lower (1.57 times) when the source frequency is halfw^ 
between two discrete bin frequencies. This variation of the spectrum magnitude is called the Picket Fence 
Effect (the loss is called the &aUop Loss). All window functions compensate this loss to some extent, but the 
best compensation is obtained with the Flat Top window 

Power ^lectriim: The square of the magnitude spectrum (V^). The Power Spectrum is di^l^ed on the dBm 
scale, with 0 dBm corresponding to V^njt = (0.316 V peak)^, where Vref is the peak value of the sinusoidal 
voltage which is equivalent to 1 mW into 50 (omega). 

Power Density Spectrum: The Power Spectrum divided by the equivalent noise bandwidth of the filter 
(Vy Hz), in Hz. The Power D ensity Spectrum is di^l^ed on the dBm scale, with 0 dBm corre^onding to 
(VWHz). 

Pre-trigger Sampling: A design concept used in transient recording in which a predetermined number of 
samples taken before a stop trigger are preserved. 

PRML: pulse response maximum likelihood 

Pulse Width: D etermines the duration between the Pulse Start (mesial point, i.e., the 50 % magnitude 
transition point, on the leading edge) and the Pulse Stop (mesial point on the trailing edge) of a pulse 
waveform. 

Pulse Start The 50 % magnitude transition point (mesial point) on the leading edge of a pulse waveform. 

Pulse Stop: The 50 % magnitude transition point (mesial point) on the trailing edge of a pulse waveform. 

Pulse Trigger Selects a pulse width, either maximum or nnnimum. The trigger is generated on the selected 
edge when the pulse widtii is either greater than or less than the selected width. The timing for the width is 
initialized and restarted on the edge opposite to the edge selected. 

RAM: A memory in which each data address can either be written into or read from at any time. 

Rarrdom Interleaved SarrgrlirrgCRIS): One method of EQT (orETS). Acting upon stable, repetitive signals, 
it represents the process of storing different full sampling sweeps in a D SO or digitizer system, where each 
sweep is slightly offset from the other to achieve a hi^er effective sampling rate than the single-shot rate. A 
major advantage of RIS over other EOT techniques is "prettigger viewing." 

Real Time: A process that occurs without having to pause for internal conversions and references. Real Time 
processes usually have little or no intrinsic dead time and are able to proceed at a rate that permits almost 
simultaneous transitions from inputs to outputs. 
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Reciprocal: The division of unity by the data value being processed. 

Reflection Coefficient The amount of signal amplitude that is reflected from an input, expressed as a 
percentage of the original input signal. 

Resolution: The niinimum measurable increment, such as one bit level of an AD C. 

Reverse Termination: An output so constructed that pulses reflected back from the rest of the system meet a 
matching impedance and are absorbed. 

RF (Radio Frequency): Normally in the megahertz range. 

RFI (Radio Frequency Interference): A fecial case of EMI wherein the field causing the induced signal 
falls into the radio portion of the electromagnetic ^ectrum. 

Risetime: Unless otherwise defined, the time required for a pulse to go from 10 % to 90 % of full amplitude. 
Can also refer generally to the leading edge of a pulse. 

RMS (Root Mean Square): Is derived from the square root of the average of the squares of the magnitudes, 
for all the data as described above. For time-domain waveforms, the square root of the sum of squares divided 
by the number of points for the part of the measured waveform between the cursors For histogram 
waveforms, the square root of sum of squares divided by number of values computed on the distribution. 

ROM: Read-only memory is any type of memory that cannot be readily rewritten. The information is stored 
on a permanent basis and used repeatedly. Usually randomly accessible. 

Roof: The record of points that make the top (or maximum) of an envelope created from a succession of 
waveforms. 

SAM: sequenced amplitude margin 

Sanqile and Hold: A circuit that, on command, stores on a capacitor the instantaneous amplitude of an input 
signal. 

Sampling Frequency: The clock rate at which samples are taken during the process of digitizing an analog 
signal in a D SO or digitizer. 

Scallop Loss: Loss associated with the picket fence effect. 

SECAM: sequence and memory color television system 

Sensitivity: 1 The rninimum signal input capable of causing an output signal with the desired characteristics 
2 The ratio of the magnitude of the instrument response to the input magnitude (e.g, a voltage AD C has a 
sensitivity that is usually measured in counts/ mV). 0 ften, sensitivity is referred to the input and is therefore 
stated as the inverse. 

9iot Noise: Noise caused by current fluctuations, due to the discrete nature of charge carriers and random 
emission of charged particles from an emitter. Many refer to shot noise loosely, when peaking of the mean 
square shot noise current (amps) rather than a noise power (watts). 

SMART Trigger The SMART Trigger allows the setting of additional qualifications before a trigger is 
generated. These qualifications can be used to capture rare phenomena such as pitches or spikes, specific logic 
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states or missing bits. 0 ne qualification can include, for example, generating a trigger only on a pulse wider or 
narrower than specified. 

toothing, N -Point The process of evening out the display of a waveform by di^laying a moving average 
of "N" adjacent data points added to each other. 

SNR: Signal- to-Noise Ratio is the ratio of the magnitude of the signal to that of the noise. 

Square: The process of multiplying a value by itself. 

Stage Delay: The time del^ in a circuit between input and output, usually measured between the front edges 
(half maximum) of the re^ective signals. 

Standard Deviation: The standard deviation of the measured points from the mean. It is calculated from the 
following formula: 

Standard Trigger Standard Trigger causes a trigger to occur whenever the selected trigger source meets its 
conditions, which are defined by the trigger level, coupling, high-frequency sync, and slope. Edge trigger is 
WaverunneTs standard trigger t^e. 

State Qualified: State-Qualified triggering generates a trigger when the trigger source meets its conditions 
during the selected pattern. A pattern is defined as a logical AND combination of trigger states. A trigger state 
is either high or low — hi^ when a trigger source is greater than the trigger level, and low if it is less than the 
trigger level. 

Stop Trigger A pulse that is used to stop a transient recording or similar sequence. 

Summed, or Summation, Averaging: The repeated addition, with equal weight, of successive waveforms 
divided by the total number of waveforms acquired. 

TAA: track average amplitude 

TDC: Time-to-digital converter. 

Terminate: Normally, to provide a matching impedance at the end of coaxial cable to prevent reflections 

TestTenqilate: A general form of waveshape limit test, which defines an arbitrary limit (or non-uniform 
tolerance) on each measured point in a waveform. 

TFT: thin film transistor 

Threshold: The voltage or current level at which a circuit will respond to a signal at its input. Also referred to 
as trigger level. 

TIE: time interval error 

TIFF (Tagged Image File Format): Industry standard for bit-mapped graphic files. 

Time Between Patterns: Selects a delay, either maximum or rniriimiun, between exiting one pattern and 
entering the next. The trigger is generate on entering the second pattern either within the selected time or 
after the selected rninimum time. 

Timeout A Timeout occurs when a protective timer completes its assigned time without the expected event 
occurring Timeouts prevent the system from waiting indefinitely in case of error or failure. 
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Time Qualified: Time-Qualified triggering generates a trigger when the trigger source meets its trigger 
condition after entering or exiting the pattern. The trigger can occur even if the pattern disappears before the 
trigger meets its trigger conditions. 

Tolerance Mask A form of waveshape limit test that defines a maximum deviation egual to a imiform 
tolerance on each measured point in a waveform. 

Track and Hold: A circuit preceding an analog- to-digital converter that has the ability on command to store 
instantaneous values of a rapidly varying analog signal. Allows the AD C to accurately digitize within titter 
time domains. 

Transient Recorder See Waveform Digitizer. 

TTL (Transistor-Transistor Logic): Signal levels defined as follows: LOG ICAL 0 = 0 to 0.8 V and 
LOGICAL 1 = 2.0 to 5.0 V. 

Trend: Plot of a parameter value or other characteristic of a measurement over a period of time. 

VIS: Viterbi input samples 

Waveform Digitizer An instrument that samples an input waveform at specified intervals, digitizes the analog 
values at the sampled points, and stores the re^ts in a digital memory. 

Window Functions: Used to modify the spectrum of a truncated waveform prior to Fourier analysis. 
Alternately, window functions determine the selectivity (filter shape) in a Fourier trunsform ^ectrum analyzer. 
In LeCroy scopes, all window functions belong to the sum of cosines family with one to three non-zero cosine 
terms [W = . . . v cos(2V4k/ N], where N is the number of points in the decimated source waveform, and k is 
the time index). 

X-Y Display: A plot of one trace against another trace. This technigue is normally used to compare the 
amplitude iniformation of two waveforms. It can reveal phase and freguency information through the analysis 
of patterns called Lissajous figures. 
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A 

Absolute mode, 63, 71 
AC, 18, 20, 45, 81, 119 
Acquisition Memory, 279, 281 
Acquisition Summary field, 32 
ActiveDSO, 17, 257, 271, 272 
Control Instantiation, 271 
Power Point, 272 

ADC (Analog- to-Digital Converter), 101, 279, 281 
Add New Directory, 93 
ADD OPTION KEY, 26 
Add Software Options, 26 
Algorithms, 75 
Amplitude (ampl), 179 
Amplitude cursors, 67, 68, 71 
Andog Persistence, 6, 8, 140, 280 
Green button, 51, 52, 55, 139, 146 
Spedfrcations, 285 
use, 9, 118 
Vector diagram, 147 
Analysis Packages, 65 
Acquisition Mode Table, 283 
Acquisition System Specifications, 282 
Area, 179 

ASCII, Saving waveforms, 192, 193, 195, 256 
Formats, 192 
Setup, 194 

Auto mode button, 46 
Auto Scroll, 34, 35 

Auto Setup button, 31, 113, 117, 127, 285 
Automatic Recalibration, 34 
Average (avg), 223, 233 
Averaging, 

Continuous, 83, 153 
Summed, 83, 84, 153 

B 

Back Panel, See Rear Pand 
Background color, 58 
Bandwidth Limit (BWL), 38 
Base, 179 

Bi-level Pattern Trigger, 134 



Binning, 214 

And Measurement Accuracy, 231 
Setting, 219 

Blackman-Harris, 81, 162 
Block Diagram, 281 
BNC, 23 

and CAL Setup, 39 
Use of signal output, 41 

C 

CAL and BNC Setup, 39 
Calibration, 16 
Automatic, 280 
of Passive Probe, 40 
CHANGE COLORS, 143 
CHANGE PARAM menu, 166, 171, 206, 214, 
215, 222 

CHANGE TEST menu, 173, 175 
Cleaning, 21 

Clear Sweeps button, 53, 74, 152, 153, 158, 224 
Clock Edge, 178 
Color, 58, 59, 142, 143, 144 
Background, 58, 144 
List, 145 

Linking Objects, 58 
Opaque, 59, 142 
Tran^arent, 59, 142 

Color-Graded Persistence, 51, 53, 139, 141 
Combrning Channels, 104 
Configuring to Communicate with PC 
Connected to Network, 263 
Not Connected to Network, 264 
Connecting to a Host, 261 
Continuous Average, 83, 153 
Copy, 90, 94 

Coupling, 38, 48, 117, 127 
Deterrnining, 45, 119 
Cirrsors, 63 

Amplitude (Voltage), 63, 67, 68, 71 
and FFTs, 158 
and Persistence, 63 
Bold, 3 

Difference, 68, 69 
in Absolute mode, 63 
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in Relative mode, 63, 68, 69 
inXY Display, 64, 148, 149 
Measurement, 210, 212, 287 
menu, 3 

Parameter, 211, 223 
Set up, 66 

Time (Frequency), 63, 67, 71, 224 
Turn off, 65 
Cycles, 179 

Cyclic Mean (cmean), 179 
Cyclic Median (cmedian), 179 
Cyclic Root Mean Square (crms), 180 
Cyclic Standard Deviation (csdev), 180 

D 

Data Edge, 178 
Data Points, 142 
Data Transfer, 189, 190 
DC, 45, 119 

Dead time. Limiting with Sequence mode, 103 

Delayknob,43,44, 118, 128 

Delay, 

Parameter, 180 
Post-trigger, 101 
Pre-trigger, 101 
D elta D elay (Adly), 180 
D elta t at level (At@ Iv), 180 
Delta clock to data ± (Ac2d±), 180 
Deskew, 164 
Difference cursor, 68, 69 
Digital Filter Package (DFP), 288 
Directory, Adding New, 93 
Display 
fetup, 52, 142 
Spedfrcations, 285 
Standard, 71 
System, 280 
XY, 64, 146, 148 
Display button, 26, 51, 67, 146 
Displayed Trace 
label, 32 
field, 210, 212 
Dropout Trigger, 127, 128 
Duration (dur), 181 



Duty cycle (duty), 181 

E 

Edge Trigger, 43 
Setup, 44 

Hold Off by Time or Events, 111 
Enhanced Resolution (ERES), 154, 155, 157 
Ethernet Option, 255 

Communicating with Network PC, 263, 268 
Communicating with Non-network PC, 264 
PC Requirements, 262 
Physici Connection, 266 
Exclusion Trigger, 114 

Extended Math and Measurement Option (EMM), 
77, 287 

External Clock mode, 108 
Extrema, 151, 152 

F 

Fall 80-20% (f80-20%), 181 
Fall at Level (f(5) level), 181 
Fall time, 176, 177, 181 
Falling Edge Duration equation, 177 
Fast Fourier Transform (EFT), 5, 7 
Average, 158 
and Cursors, 158 
Error Messages, 159 
Frequency range, 158, 160 
Perform, 80 

Window Filter Parameter table, 162 
Span, 161 
File Names, 

Customize, 92 
Defaults, 95 
File Extensions, 95 
Fill (file naming), 96 
Filters 
FIR, 156 
Low-pass, 157 

FIND CENTER AND HEIGHT function, 166, 
168 

FIND CENTER AND WIDTH function, 213, 
214, 215, 218, 221 
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Finite Impulse Response (FIR) filters, 156 

Firmware, Updating, 26 

First parameter (first), 182 

Flat Top, 81, 162 

Floor (niinima), 151 

Frequency, 

Parameter (freq), 182 
Nyquist, 80 

FROM DEFAULT SETUP, 25 
Eront Panel, 22 
Virtual, 256 

Pull Width at Half Maximum (fwhm), 234 
Pull Width at xx% Maximum (fwxx), 235 

G 

General Specifications, 288 
Glitch Trigger, 113, 114, 115, 116, 117 
Global Bandwidth Limit (GBWL), 34, 38 
GPIB, 89, 90, 189, 190, 257, 280, 281 
Graph 
function, 5 
menu, 6, 7 
Grid intensity, 52 
Grid style, 58 

H 

Hamming, 81, 162 
Hanning, SeeV oiHanti 
Hard Copy, 89 
Interfaces, 89 
Setup, 89 
HP, 45 

HERE], 45, 119 
Hi^ parameter, 238 
Histogram, 5, 176, 209 
Amplitude (hampl), 236 
Base (hbase), 237 
Binning and Scale, 219 
Creating, 213 

Data Acquisition sequence, 228 
Example, 216-218 
Measurement Accuracy, 231 
Median (hmedian), 239 



Menu, 214, 215 
Parameter Buffer, 228, 232 
Parameter Events, 229 
Parameters, 222, 229 
Peak, 230, 231 
Population, 227 
Process, 228 
Range, 224 

Root Mean Square (hrms), 240 
Segmented Waveforms, 230 
Setup for in WaveAnalyzer, 205 
Top (htop), 241 
Zoom Traces, 230 
History, SegalsoWav^rniHistny 
button, 8 

Data collection, 55 
Setup, 56 
Hold Off 

By Events, 111, 112, 132, 134 
By Time, 111, 132, 134 
Hysteresis range, 178 

I 

Icons, 12 

IEEE Standard, 255, 261 
Infinite, 53, 54 
Information Window, 218 
Initialize, 25 
Interface, 281, 288 
Integral, 163 
Interval Trigger, 120 
Between Range, 123 
Larger, 122 
Smaller, 121 

J 

Jitter and Timing Analysis QTA) Package, 288 
JitterTrack, 5, 6 

K 

Knobs, 

Delay, 43, 44, 128 
Offset, 34 
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Position, 31, 36 
Time/div, 33 
Trigger Level, 43, 44 
Volts/ div, 34 
Zoom, 31, 36 

L 

LANIOBT, 23, 261 
Last parameter (last), 182 
Level, determining, 45, 119 
LFREJ, 45, 119 

LinConstMax vertical scale, 221 
Line voltage, 48 
Linear vertical scale, 219 
List of Products, 15 
Logarithmic vertical scale, 220 
Low parameter, 242 

M 

Magnitude, 81 

Maintenance Agreements, 16 
Mask, 

Making, 175 

Pass/ Fail Testing on, 174 
Mass Storage, 91, 95 
Terms, 96 
Math, 

Extended Option, 77 
Setup, 78 
Standard, 77 
Tools, 77, 79, 163 
Type menu, 154 
WaveAnalyzer Option, 77 
Math Tools 
button, 78 
Specifications, 286 
Use, 79 

Mathcad, 194, 199, 200, 256 
MATLAB, 194, 201 
Maxima (roof), 151 
Maximum parameter, 182 
Maximum population (maxp), 223, 243 
Mean parameter, 182 



Measure menu, 73, 223, 224 
Measure Tools, 287 
Measurement Cursor, 210, 212, 223 
Median parameter, 182 
Memory Used, Sea Status Rgxit 
Memories, 279, 281 
Menus, 24 
Message field, 33 
Measure G ate, 142 
Minima, 151 

Minimum parameter, 183 
Mode parameter, 223, 244 
Modify Mask menu, 175 
MORE DISPLAY menu, 142 
Multi-Zoom, 34, 35 

N 

Normal mode button, 46, 55, 114, 118 
NTSC, 132, 133 

Nycjuist Erecpiency, 80, 158, 160, 161 

O 

Offset knob, 34 
On/ Standby Switch, 20 
Opacpie, 59 
Option, Adding, 26 
Output Specifications, 288 
Overshoot, 40 
Negative (over-), 183 
Positive (over-l-), 183 

P 

Pairing Channels, 104 
PAL, 130, 131 
Panel setup, 280 
Save, 6() 

Recil, 61 

Panels button, 25, 52, 60 
Parameter, 72 
Buffer, 228, 232 
Choosing, 179 
Cursors, 211, 223 
Customizing, 172 
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function, 2 

Histogram, 222, 229, 230 
List, 179-185, 229 
Symbols, 75 
Turn off, 74 
Value ciculation, 208 
Pass/ Fail, 65, 118, 173 
Actions invoked, 173 
Changing an action, 175 
Test on a Mask, 174 
Passive Probe 
Calibration, 40 

Pattern Trigger, 124, 132, 133, 134 
Bi-level, 134 

Peak-to-Peak parameter (pkpk), 183 
Peak, Histogram, 230, 231 
Peaks (pks), 246 
Percentile (pctl), 245 
Period parameter, 183 
Persistence, 51 
mode, 71 
menu, 53 
Setup, 53, 54 
Phase, 81 
Parameter, 183 
Plot, 90 
Trends, 165 
Points parameter, 183 
Population, SesHistcgam 
Position knob, 31, 36, 214 
Post-trigger delay, 101 
Power Density, 81 
Power Off, 20 
Power Source, 20 
Power Spectrum, 80, 82 
Power Up, 22 

PowerMeasure Package, 288 
Preferences Menu 
File Name, 92 
Mass Storage, 91 
Pre-trigger delay, 101 
Print, 90 

Print Screen button, 90, 107, 280 
Probes, 285 
ProBus, 38, 41 



Processors, 279 
Propagation Delay, 178 



Q 

Qualified Trigger, 124 
State, 124, 125 
Edge, 124, 126 
QuickZoom, 4 

R 

Random Interleaved Sampling (RIS), 102, 279 
Setup, 105 

Range parameter, 248 
Real, Real-ilmaginary, Imaginary, 81 
Real-time clock, 32 
Rearm a Trigger, 46 
modes, 46 
Rear Panel, 23, 261 
Recall Waveform, 86 
Rectangular windows, 81, 162 
Relative mode, 63, 68, 69, 71 
Remote Control, 280 
(RC) Assistant, 189, 191 
Remote Setup, 195, 263 
Repetitive Sapling, 154 
Rescale, 153 
Reset button, 218 
Return, Product, 16 
RIS, SeeRandcmIntaleared Saripliiig 
Rise 20-80% (r20-80%), 184 
Rise at level (r@ level), 184 
Rise time, 176, 177, 184 
Rising Edge Duration equation, 177 
Roll mode, 102 
Roof (maxima), 151 
Root Mean Square (rms), 185 
RS-232-C, 89, 90, 189, 190, 257, 280, 281 
Runt Trigger, 135 



s 



Safe Environment, 19 
Safety Symbols, 18 
Sampling 
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Choosing a mode, 103 
Clock, 105, 106, 108 
Externally, 108 
Repetitive, 154 
Setup, 105 
Sin^e-shot, 37, 101 
Saturation, 52, 53, 56, 140 
Save and Recall 
Panel Setups, 60 
Waveforms, 85 
Scale, 214 
Setting, 219 

ScopeExplorer, 17, 189, 190, 256, 271 
Features, 278 
Using, 277 

Scope Status button, 25, 49, 87, 106, 107 
Sara Saver, 26 
SECAM, 130, 131 
Search, 57 

Seguence mode, 9, 103 
Setup, 106 
Status Summary, 107 
Setup and Hold delay, 178 
Setup button, 37, 44, 105, 113, 117, 127, 162 
Setup Storage, 286 
Sigma parameter, 249 
Signal- to Noise Ratio (SNRh 155, 156 
Signal Processing Specifications, 286 
Single mode button, 46, 55, 67 
Single-shot sampling, 37 
Setup, 105 

and Dropout Trigger, 127 
Slew Rate trigger, 10, 136 
Slope 

Determining, 45, 119 
SMART Trigger, 43, 113, 279 
Dropout, 127, 128 
Edge, 43, 44 
Glitch, 113-117 
Interval, 120, 121 
menu, 10, 

Pattern, 124, 132, 133 
Qualified, 124-126 
Runt, 135 
Slew Rate, 136 



TV, 130, 131 
Software applications, 17 
Software Options menu, 26 
Special Modes menu, 26, 27 
Specifications, 282-290 
Spreadsheet, 

Save Waveform to, 194, 195-197, 256 
Plot Waveform in, 198 
Standard Deviation (sdev), 185 
Standard Di^lay, 71 
Standard Math, 77 
Standard Parameter, 73 
Standard Time, 73 
Standard Voltage, 73 
Status Report, 87 
Memory Used, 87 
Stop button, 46, 113, 117 
Store Waveform, 85, 193 
Summed Average, 83, 84, 153 
Symbols, 

Safety, 18 
Parameter, 75 

T 

TCP/ IP, 263, 264, 265, 266 
Threshold levels, 176 
Time/ div knob, 33, 162 
Time, 56 

Standard Parameter, 73 
Time (Frequency) cursors, 63, 71 
Time and frequency field, 33 
Time at level (t@ level), 185 
Timebase 
System, 283 
Setup, 37, 105 
Timestamp, 56 
Top parameter, 185 
Total Population (totp), 250 
Transfer data, 189, 190 
Tran^arent, 59 
Trend, 

Calculating, 168 

Data Acquisition sequence, 168 

feature, 165 
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Plotting, 165 
Positioning, 166 
Reading, 167 
Trigger 

configuration field, 33 
Controlling, 43 
delay, 33 

Dropout, 127, 128 
Edge, 43, 44 

Glitch, 113, 114, 115, 116, 117 

icons, 46 

Interval, 120, 121 

level, 33, 48 

level, determining, 45 

Level knob, 44, 117 

Pattern, 124, 132, 133 

Qualified, 124, 125, 126 

Rearm, 46 

Runt, 135 

Setup, 44 

Slew Rate, 136 

SMART, Seealso SMART Tiic^, 43, 279 
Source, 48, 116, 121, 122, 123, 125, 129 
status, 49 
status field, 33 
System, 279, 284 
TV, 130, 131 
Window, 47 
Turn off 
Cursors, 65 
Parameters, 74 
TV Trigger, 130, 131 

u 

Undershoot, 40 
User Preferences 
Customize File Names, 92 
Display, 51, 142, 143 
Sounds, 27 

Utihty Button, 26, 27, 39, 71, 89, 91, 189, 191, 263 

V 



Virtual Front Panel feature, 256 

Visual Basic for Apphcations (VBA), 257, 271, 276 

Voltage, 56 

Standard Parameter, 73 
Volts/ div knob, 34 
Von Hann (Hanning), 81, 162 

w 

W'form+Text, 52 
Warranty, 15, 289 

WaveAnalyzer Option (WAVA), 77, 205, 287 
Setup for Histograms, 205 
Waveform History, 6, 8 
Waveform Mask 
Making, 175 

Waveform Math, SeealsoMath, 78 
Waveform Memory, 286 
Wave Storage button, 193 
Wavephot, 1 

button, 65, 67, 73, 82, 171, 173, 205 
menu, 65 

Wave Storage button, 85 
Width parameter, 185 
Window Trigger, 47 
Wrap (file naming), 96 

X 

XAMN parameter, 186 
XAMX parameter, 186 
X Coordinate of xx'th Peak (x^k), 251 
XY Display, 64, 148 
Setup, 146 

Z 

Zoom 

knob, 31, 36, 214 
Multi-Zoom, 34, 36 
a trace, 36 

Segmented traces, 225 
Specifications, 285 



View Waveform, 31 
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